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ISCUSSING recently the problem of education 
in a scientific age, Sir Charles Snow pointed out 
that, as is generally recognized, we are not producing 
enough scientists, and those we do produce are living 
in @ culture of their own. It will not suffice simply 
to increase the number of trained scientists and 
technologists, supported by a sufficient body of tech- 
nicians and craftsmen, for the most efficient use to 
be made of their services. The problem of com- 
munications must be attacked with at least the same 
energy as that of expanding the facilities for training 
scientists and technologists. 

Here we are concerned with the content of educa- 
tion, and at the outset it must be recognized that, 
although, as Sir Charles Snow notes, British educa- 
tion is the most specialized in the world, this is true 
no less of the arts graduate than of the graduate in 
science or technology. It is just as possible for a 
clever boy of fifteen to spend the next seven years 
without reading a scientific bock as it is to spend 
it studying nothing but scientific subjects. The 
ignorance of science to be found among adminis- 
trators and leading people in all walks of life is as 
serious an obstacle to the effective utilization of 
science and technology as is the failure of the scientist 
to interpret his results effectively or to appreciate gen- 
eral cultural values. It can, moreover, hinder the most 
effective deployment and utilization of our limited 
scientific and technical man-power quite as much as 
any shortage of technicians or craftsmen. 

These are the fundamental reasons for the in- 
creasing attention being given to the question of 
general education ; and although Sir Charles Snow 
may well be right in suggesting that a sensible 
education up to the age of eighteen would solve half 
our problems, this question of the content of educa- 
tion is not simply one for the schools. It concerns 
equally the universities and the colleges of technology. 
In planning their expansion, regard must be had 
not simply to numbers but equally to the content of 
education. Indeed, if we are to make the best use of 
the limited resources of man-power in Britain, it is 
important that we should plan the expansion of our 
facilities for training scientists and technologists as 
nearly as possible in accordance with our real needs. 
We cannot afford to spend the much larger sums 
required to train a scientist or technologist—any- 
thing from £2,000 to £5,000 or even more—and 
then employ him on work which a much less ex- 
pensively trained graduate in arts could do equally 
well. 

That is, of course, one reason why it is encouraging 
to find industry taking a great part in technological 
training and in supporting the expansion of scientific 
and technological education by scholarships and in 
other ways. It is equally a reason for looking more 
closely at the use made of graduates in industry and 
elsewhere. A broad-based education makes for 
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adaptability and mobility, which in a technological 
age are just as important as specialization. Depth of 
knowledge is imperative for many posts, but industry 
will not prosper and develop unless its scientists 
and technologists are also mobile, adaptable and 
receptive. 

This is true even of scientific and technical posts 
in the strictest sense of the word, for it is when 
different specialisms or disciplines meet that the real | 
fundamental advances are often made. The truth 
behind the success of operational research during the 
War has yet to be fully appreciated and adequately 
applied not only in industry but also in many spheres 
of the public service. We must take every care that 
the graduates coming from the universities and 
colleges of technology under these expansion schemes 
are able to communicate not only with those in 
their own discipline but also with workers in other 
branches of science, and with others in various walks 
of life. 

There are, moreover, occupations in which under- 
standing both of scientific and technical factors and 
also of human values is imperative; and although, 
as Dr. Bronowski has indicated, science develops its 
own cultural or human values, the contribution of 
the great field of knowledge and inspiration repre- 
sented by the humanities cannot be ignored. This is 
increasingly true in the field of management—in 
industry, in commerce, in the central government 
and in local affairs. Industrial development does not 
depend solely upon scientific discovery and its 
application : industrial relations are also an important 
factor, and they are determined both by a clear 
understanding of the possibilities of technical advance 
and a deep appreciation of the point of view of those 
affected, of their needs and their problems. 

If it is important that there should be ample 
opportunity for the scientist or technologist who 
possesses administrative ability and the desire to 
exercise it—which do not invariably go together—to 
rise to a position of high responsibility in industry, 
in the Civil Service, or in the Government itself, it is 
no less important that he should be well equipped to 
appreciate the human and social problems with which 
he will be called upon to deal. Administrators of the 
highest level are indeed rare, as the attention now 
being given to their selection and training by industry 
shows, and it is unlikely that more than a very small 
proportion of scientists and technologists will ever 
reach that level. What is important is that scientific 
and technical qualifications should not be felt, as so 
often they have with justice in the past, especially 
in the Civil Service, to be a bar to the highest 
posts. 

While more care is needed to ensure that we do 
not miss such rare talent where it is to be found among 
scientists and technologists, it is not in this way that 
scientific gifts or training may be wasted. It is rather 
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in that wide range of posts which those less expen- 
sively trained in the humanities could fill with 
advantage, rather than a scientist or technologist, if 
they were so trained that they could understand the 
implications of scientific or technical factors; and 
also, on occasion, if the scientist and technologist 
were able also to put their views more effectively to 
the non-scientist and to comment intelligently on the 
other factors in a common problem. It is a matter 
not simply of broad training and the ability to com- 
municate clearly but also of alert minds, of vision 
and of enterprise. 

Dr. P. F. R. Venables, in his presidential address 
to the Manchester Literary and Philosophical Society 
in October 1955, showed very clearly how much 
management education could contribute to the pro- 
motion of the flexibility and adaptability at all levels 
which are essential to enable the education system to 
meet the challenge of change. It was brought out 
also by Sir Edward Appleton in his Reith Lectures* 
last autumn, throughout which he insisted on the 
need for communications of all kinds. Sir Edward 
indeed commented pertinently on the importance of 
more of our ablest young people being attracted to 
science, and is confident that when this happens we 
shall see more of them reaching the highest places in 
our national life. He believes that people attain such 
places mainly by reason of their general ability and 
only to a small extent by reason of the discipline in 
which they have been trained ; but it remains true 
that no discipline should be, or be thought to be, a 
barrier to such advance. 

Sir Edward emphasized the importance of attract- 
ing more able young people to careers in, science and 
technology ; and the knowledge that such quali- 
fications lead naturally, given the requisite qualities 
of personality and the gift of leadership, to the 
highest positions is a factor which may well determine 
the issue. We have also to take all possible steps to 
diminish the danger of specialization inherent in 
depth of study, and Sir Edward rightly stresses the 
importance of the university in this connexion 
through the opportunities it affords for contact with 
other minds and other disciplines, particularly the 
informal contact of student and student. Unless the 
colleges of technology are staffed and equipped to 
foster such contacts as much as possible, they will 
not provide the technologists or scientists of the 
calibre that are needed. Certainly the nation would 
reap @ fuller return for a smaller number of colleges 
adequately staffed and equipped so as to permit such 
contacts, more especially by life in college or hall of 
residence, than by a larger number of colleges in 
which facilities are inadequate. 

Nor is this question of communication as difficult 
as is sometimes suggested. We need, as Sir Charles 
Snow has suggested, a culture in which the majority 
of our managers, without necessarily being profes- 
sional scientists themselves, understand what the 
scientists and technologists are doing. Moreover, it 

* Science and the Nation: The B.B.C. Reith Lectures for 1956. 
By Sir Edward Appleton. Pp. xi+104. (Edinburgh: Edi 


University Press, 1957. Distributed by Thomas Nelson and Sons, 
Ltd.) 10s. 6d. net. 
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is interesting to note that Sir Alexander Fleck, the 
chairman of a company, Imperial Chemical Industries, 
Ltd., in which a high proportion of the main board and 
major executive posts are already occupied by grad- 
uate scientists or technologists, has recently, for ex- 
ample, in his Messel Memorial Lecture to the Society of 
Chemical Industry last year, emphasized the import- 
ance of human relationships in the chemical industry 
and attributed the success of that industry to the 
attention given to such matters. 

Although Mr. Robert Carr, the Parliamentary 
Secretary to the Ministry of Labour and National 
Service, could promise no more than that the 
Minister would give the most careful consideration 
to the suggestion, made by Mr. A. E. Cooper in a 
debate on labour relations on April 18, for a select 
committee to inquire into the whole question of 
labour relations, there can be little doubt that the 
inquiry would indicate how much such relations 
depend on the quality of management. As Mr. Carr 
remarked, the real responsibility for leadership in 
industry rests with the management of each under- 
taking. Technical efficiency is easily undermined if 
management fails to give due attention to such 
problems, and Sir Alexander Fleck could point to a 
fine tradition which his company inherited in this 
matter from such men as Ludwig Mond and Sir John 
Brunner as well as the first Lord Melchett. 

This is, however, only one way in which increasing 
demands are being made on modern management. 
The survey of individual management training 
schemes in the north-west of England made by the 
British Institute of Management during the past two 
years (Company Executive Development. 108. 6d.) 
shows how largely such schemes should be the 
responsibility of senior management, for example, 
and the imperative need for management practice to 
maintain high standards. It is also a fundamental 
reason why the value of scientific or technological 
attainments should not be exaggerated and why 
industry is above all seeking men for its positions of 
high responsibility who,,while possessing the indis- 
pensable scientific or technical background, bring to 
those responsibilities a broad and flexible outlook, 
and interest in human beings and a respect for the 
dignity of the individual. Moreover, such qualities, 
as well as the scientific and technical attainments 
necessary to appreciate the potentialities of such 
developments as automation, nuclear energy and 
many other consequences of technical advance, are 
imperative in those occupying responsible positions 
on the trade union side and also in the Civil Service 
if human relations are to be solved and the adaptation 
to technical change is to be made smooth and efficient. 

The problem may, however, prove to be less difficult 
than is sometimes suggested, provided due attention 
is given to the critical factors. Sir Alexander Fleck, 
who has emphasized the value of the flexibility of 
mind given by a training in the humanities in enabling 
a man to adapt his understanding to the significance 
of technical changes, has at the same time directed 
attention to the basic unity of science and the 
humanities and particularly to the amount which the 
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scientist has in common with the historian. Both 
need to fit and interpret their work into the widest 
human context. They share, too, a passion for truth 
and judgment, and imagination and a highly critical 
mind are essential to both for work of the highest 
quality. 

There is thus strong support for those who, like 
Dr. B. V. Bowden, are seeking to foster the study of 
the history of science or technology in colleges of 
technology, as a means of developing an appreciation 
of the cultural values of science and technology and 
the human qualities and outlook which both scientist 
and technologist need to-day. There is, however, 
much that industry itself could do to develop such 
an outlook, and to narrow the gap which at present 
exists between so many of our scientists and tech- 
nologists and their fellows in the commercial side and 
other walks of life. Ths major contribution to closing 
the gap in the future must still come from the 
universities and from the schools, and there is need 
for clear thinking about the content of courses and 
for much experiment before satisfactory solutions are 
found. Prof. R. A. C. Oliver’s experiments with 
general studies and Sir James Mountford’s suggestion 
of a working party of the educational profession as a 
whole to examine the fundamental needs deserve 
wide support. 

This is a field, however, in which professional 
bodies too have an important part to play, and there 
is evidence that this is now appreciated. Their 
influence, and also that of the Government, may well 
be required to secure the changes and greater flex- 
ibility required if the schools are to be encouraged 
and enabled to take the measures to foster a broader 
general education, and the universities in turn to 
modify courses so far as possible to encourage a 
broader outlook and greater flexibility of mind with- 
out sacrificing the depth that is demanded in scientific 
and technical studies to-day. A vital responsibility 
of the Government, and one that cannot be left 
solely to the University Grants Committee, is to 
foster by all possible means the readiness to experi- 
ment and co-operate, to discourage all obstacles to 
ease of communication, and to see that high standards 
are not sacrificed to numbers or some particular 
party doctrine or local or sectional prejudice. Not 
least of its responsibilities is to see that the way to 
positions of high responsibility is open to the scientist 
and technologist in the Government service and in 
the nationalized industries and other public cor- 
porations. Lord Kilmuir’s reply to Lord Simon of 
Wythenshawe’s challenge on this point in the debate 
on the Electricity Bill on April 30 suggested that 
there is room for fresh thought here. The importance 
of securing the most efficient leadership over-rides 
any consideration of a Government committing its 
successors as to the personnel of the boards, and to 
grapple vigorously with the difficult question of the 
selection and remuneration of members of such 
boards would give welcome assurance that the 
importance of leadership and its dependence 
on an adequate policy of education are really 
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THE GREAT ICE AGE 


The Quaternary Era, with special reference to its 
Glaciation 

By Prof. J. K. Charlesworth. Vol. 1: Pp. xlvii+ 

592+plates 1-24. Vol. 2: Pp. xxxi+593-1700+ 

plates 25-32. (London: Edward Arnold (Pub- 

lishers), Ltd., 1957.) £16 16s. net the two volumes. 


OF. CHARLESWORTH prefaces his great work 

on the Quaternary era by the following quota- 
tion: “When the work of the geologist is finished 
and his final comprehensive report is written, the 
longest and most important chapter will be upon 
the latest and shortest of the geological periods’. 
The author not unreasonably thinks there is some- 
thing in this view, and the magnitude and scope of 
the two volumes he has written do nothing to 
diminish the impression. The Quaternary era derives 
its particular interest from several features. The 
Great Ice Age, which roughly defines its extent, 
produced profound changes not so much in the solid 
geological structures of the world but in the 
uppermost few hundred feet which bear the plant 
and animal life of to-day upon their surface: it was, 
moreover, most catastrophic in those temperate 
parts of the world where great scientific civilizations 
have developed, and in those regions particularly it 
is idle to conceive the history of vegetation or fauna, 
of physiography, or soil, or of the human race except 
in terms of the immense effects of the sequence of 
glaciations and interglacial warm periods. The 
largest part of the story of the evolution of the 
human race itself falls within this period, and its 
study must largely depend upon examination of 
human fossil remains and artefacts from Quaternary 
deposits. 

The admittedly disputaceous character of Quat- 
ernary geologists arises in part from the intense 
complexity of the factors they have to consider, but 
in part also from the fact that their time-scaies are 
now so much expanded in comparison with those of 
preceding eras, that they must consider the effects 
of only a few score or hundreds of years, and explain 
sequences in terms of centimetres rather than of 
hundreds of metres. Thus they are constantly faced 
with the elucidation from first principles of processes 
and structures entirely new to them. Thé challenge 
of this situation has induced the application to 
Quaternary geology of many new techniques such as 
pollen-analysis, diatom-analysis, radio-carbon dating, 
deep-sea coring, fluorine assay and _ strand-line 
analysis, alongside an intensive linkage with research 
into geophysical analysis of glacier activity, and into 
contemporary geological activity in glacial and peri- 
glacial regions all the world over. We have further- 
more entered upon the investigation of the pluvial 
and non-pluvial periods which constitute major Quat- 
ernary divisions in the torrid regions of the world. 

In 1914, when W. B. Wright published his great 
book on the Quaternary Ice Age, he wa; able to 
comprehend and expound the then available know- 
ledge with some leisure for critical appraisal and 
forecast. The task forty years later has become 
immensely more formidable, taking in great tracts of 
new publications and whole new fields of research ; 
but the need for a comprehensive survey and intro- 
duction to the subject as a whole has grown, rather 
than lessened. 

Prof. Charlesworth’s presentation is in two massive 
volumes, totalling 1,700 pages, which include an 
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abundance of good-quality photographs and diagrams. 
It is inevitable that the book must be to a high degree 
an analysis of the huge literature of the subject, and 
a large part of its value will rest upon the facilities 
offered by the terminal bibliography of 1,924 selected 
titles, and of the vastly more numerous (but untitled 
and unsorted) references which are given after each 
chapter. Vol. 1 deals with two of the three parts 
making up the book as a whole; these respectively 
concern glaciology and glacial geology. Vol. 2, the 
larger, deals with the Quaternary era itself. 

lt is indeed a stupendous achievement to have 
surveyed so vast a field, and every research worker 
in the field of Quaternary study will have to turn 
time and in to this reference work. So wide, 
however, has the field of knowledge become that 
each chapter and each section has inevitably taken 
the character of a brief glance at, and short reference 
to, its main features and lines of development. To 
some extent critical appraisal and measured exposi- 
tion have gone by the board, and this was perhaps 
inevitable. Experts in each part of the field may 
well feel their own area to have been inadequately 
treated, and the time required not only to compile but 
also to print so compendious a work must mean that 
parts are outdated even at publication. British 
Quaternary geologists will be sorry that there was 
not time for a full discussion of the synthesis of 
pollen-analysis of organic interglacial deposits and of 
till-fabric analysis in East Anglia. This would perhaps 
have persuaded Prof. Charlesworth to a different 
correlation of the East Anglian glacial sequence 
with that of western and alpine Europe, especially 
since what he proposes appears to place Hoxne and 
Clacton in the Riss-Wiirm Interglacial, leaving no 
place for the subsequent Histon Road or Ipswich 
interglacial beds, which are almost certainly Eemian 
and therefore equivalent to Riss-Wiirm themselves. 
Present opinion here and in the Netherlands certainly 
places the Hoxne deposits in the Great or Mindel- 
Riss Interglacial. 

Most authors, aware of the risk (as Prof. Charles- 
worth is) of making multiple minor errors in seeking 
to cover so extensive a field, would have shirked the 
task altogether and have saved themselves a moun- 
tainous labour and a lot of criticism. Prof. Charles- 
worth deserves our thanks that he has persevered to 
the end with his task: his book will long remain a 
major means of entry into the many complex terri- 
tories of Quaternary history, and it will be found of 
the utmost value to students in all those developing 
sciences which find themselves bound to take cog- 
nizance of the world-wide and profound trans- 
formations which accompany the Great Ice Age. 

H. Gopwin 


EGYPTOLOGY 


Tombs, Temples and Ancient Art 
By Joseph Lindon Smith. Edited by Corinna Lindon 
Smith. Pp. xv+350. 36 plates. (Norman: Okla- 
homa : University of Oklahoma Press, 1956.) 
5 dollars. 
RITING in 1907, the late Walter Tyndale, a 
fellow artist, described Lindon Smith as “one 
of the most amusing companions which it has been 
my good fortune to meet”. So he remained all his 
life, and this charming book brings to life again the 
lovable and happy personality of its author. Lindon 





May 25, 1957 VOL. 179 


Smith's great contribution to Egyptology has long 
been recognized, for his paintings of Egyptian subjects 
were numerous and of unsurpassed quality. The 
Egyptian collections of America, particularly those in 
the Boston Museum of Fine Arts, have been enriched 
by the products of his brush, which have brought 
to the student who has not visited Egypt all the 
glories of pharaonic art. Now Egyptology finds itself 
further in his debt, for in these writings, edited by 
his wife, Lindon Smith presents us with character 
studies of many of the famous figures of Egyptian 
archeology, and, what is even more important, side- 
lights on important discoveries and events hitherto 
not known. This valuable feature of the book is 
shown in the chapter on ‘Great Discoveries’, partic- 
ularly in the section dealing with the finding of the 
so-called Akhenaten mummy, in which Lindon Smith 
marshalls the evidence and relates the arguments of 
such authorities as Maspero, Weigall, and Engelbach, 
which ultimately solved the problem of this mys- 
terious find. : 

Among the illustrations, there are many reproduc. 
tions of the author’s paintings, and although the 
absence of colour is much to be regretted, they yet 
show his genius as a copyist and interpreter of ancient 
art. This is particularly shown in the illustration 
facing p. 16, which is a photograph of Lindon Smith 
at work in the tomb of Mereruka; here the editor 
has rightly found it necessary to distinguish in the 
sub-title between the painting and the original bas 
relief. I can recommend this book as a very valuable 
contribution to the history of archeological research 
in the Nile Valley. W. B. Emery 


THE ATOMIC NUCLEUS 


Eiementary Nuclear Theory 

By Prof. Hans A. Bethe and Prof. Philip Morrison. 
Second edition. Pp. xi+274. (New York: John 
Wiley and Sons, Inc. ; London: Chapman and Hall, 
Ltd., 1956.) 50s. net. 


HE first edition of Bethe’s ‘Elementary Nuclear 
Theory”’ appeared ten years ago and thus dealt 
mainly with what may be called pre-war physics. 
For the second edition, Prof. Bethe has been joined 
by Prof. Morrison as co-author. Together they have 
endeavoured—successfully, in my opinion—to cope 
with our greatly increased knowledge of atomiv 
nuclei. The result is a book of nearly double the size, 
due to an expanded treatment of many of the origina! 
topics as well as the inclusion of some new ones. The 
book has been virtually rewritten, as was necessary 
to bring it up to date, yet the reader familiar with 
the first edition will recognize an old friend. 
Among the more important additions is a most 
lucid chapter on the polarization of nucleons. The 
use of the density matrix and of trace techniques is 
explained and double-scattering experiments are 
discussed, the geometry of such an experiment being 
illustrated by a most helpful diagram. There is an 
excellent chapter on the theory of nuclear reactions 
and scattering, dealing among other matters with 
resonance formulz, level-widths, the matching of the 
logarithmic derivative of the wave function on the 
nuclear surface, compound nucleus theory, the cloudy 
crystal ball model and radiative processes. A very 
good balance is here maintained between the mathe- 
matical formalism, its physical interpretation and its 
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application to experiment. Chapter 19 on nuclear 
structure seems less successful. It contains a very 
useful up-to-date account of the achievements and 
physical concepts underlying the shell model and the 
collective model; but here the balance between 
mathematical formalism and physics, mentioned 
above, has not been achieved. Not enough mathe- 
matics is given for the reader to be able to appreciate 
how the qualitative concepts lead to far-reaching 
detailed quantitative predictions. The relevant 
theory is, of course, highly specialized and intricate, 
but just for that reason a bowdlerized version would 
have been most welcome. The authors have rightly 
refrained from an extensive application of meson 
physics to nuclear theory: as it is understated in 
the preface, “‘field theory is still no sure guide to 
correct results in nuclear physics’. -An attractive 
feature of this book is the use, wherever possible, 
of the effective range approximation, enabling the 
reader to become familiar with this very useful 
approach. 

Nuclear physics covers a vast field, and our under- 
standing of it has not yet reached a stage which allows 
a uniform presentation. This makes a first introduc- 
tion to this subject difficult. It is most valuable to 
have a slender book, such as this second edition of 
‘Elementary Nuclear Theory”’, which will serve this 
purpose admirably. It gives lucid and concise intro- 
ductory accounts, the stress always being on the 
physical essentials, of most topics in nuclear theory 
which at the present time appear of fundamental 
importance. F. Manni 


SWANS, GEESE AND DUCKS 


The Water Fowl of the World 

By Jéan Delacour; illustrated by Peter Scott. 
Vol. 1: The Magpie Goose, Whistling Ducks, Swans 
and Geese, Sheldgeese and Shelducks. Pp. 284+ 
16 plates. 105s. Vol. 2: The Dabbling Ducks. Pp. 
232+24 plates. 1268. net. 

(London: Country Life, Ltd., 1954 and 1956.) 


THIRD volume will complete this monograph 

of a family of birds, the Anatidae, which makes 
a special appeal to the sportsman and the aviculturist 
as well as being of much ornithological interest. The 
work is handsomely produced, with text by one and 
illustrations in eolour by another well-known auth- 
ority. There is an account of every species and 
subspecies, giving its characteristics, distribution, 
general habits and record in captivity—this last a 
special feature, often with additional information on 
habits. Maps illustrate the distribution, but some of 
these have the defect of ignoring overlap between 
the breeding and non-breeding ranges. 

The family is largely made up of a few familiar 
groups with numerous representatives widely spread. 
Thus, in the first volume, we find the whistling ducks 
of southern countries ; the swans, a small but cosmo- 
politan group; the true geese, grey and black; and 
the assemblage of species covered by the general 
title of sheldgeese and shelducks. Again, in the 
second volume, we have the dabbling or surface- 
feeding ducks, mostly placed in a single genus 
including such well-known species as mallard, teal, 
wigeon, pintail and shoveller, with related forms 
throughout the world. 

There is, however, a notable addition of peculiar 
forms of limited range. Thus, the magpie goose of 





NATURE 1041 





Australasia is put in a sub-family by itself; the 
unique coscoroba of southern South America is apart 
from the typical swans; and monotypic genera are 
required for the Cape Barren goose, the blue-winged 
goose found only in Abyssinia, the Orinoco goose, 
the Egyptian goose and the South American crested 
duck. ‘There is also the interesting genus of steamer 
ducks of southern South America and the Falkland 
Islands, once the subject of controversy but now 
considered to comprise three species—two flightless 
and one volant. 

Other peculiar species, dealt with in the second 
volume, are the pink-headed duck of India, the pink- 
eared duck and freckled duck of Australia, the 
mountain blue duck of New Zealand, and the little 
torrent duck, inhabiting the swift streams of the 
Andes from the Caribbean to Tierra del Fuego and 
divisible into six sub-species. 

Although the members of the family have many 
obvious points in common, there is considerable 
diversity in habit and still more in appearance. Mr. 
Scott figures the different plumages of each form, 
and the plates of the young in down are a pleasing 
feature. LANDSBOROUGH THOMSON 


THE LEAF 


The Growth of Leaves 

Proceedings of the Third Easter School in Agricultural 
Science, University of Nottingham, 1956. Edited 
by Prof. F. L. Milthorpe. Pp. x+223. (London: 
Butterworths Scientific Publications; New York: 
Academic Press, Inc., 1956.) 40s. 


HE organizers of this symposium on the growth 

of leaves were prompted by the consideration 
that in attempts to improve agricultural production 
too much attention has been concentrated on the 
photosynthetic processes, changes in which, under 
normal agricultural conditions, are relatively unim- 
portant in determining yield when compared with the 
effects of variations in the extent of the surface of the 
photosynthetic organs. The symposium was arranged 
to emphasize this principle, and follows the develop- 
ment of leaves from their inception, through expan- 
sion, to maturity. 

The first part of the work deals with general aspects 
of growth and differentiation. In the introductory 
chapter by F. G. Gregory there is an interesting 
discussion of the general concept of the leaf and of the 
principal characteristics of leaf growth. E. Biinning 
contributes a valuable summary of his views on 
differentiation, while J. K. Heyes and R. Brown 
discuss the growth and differentiation of cells, using 
data obtained from their studies on roots. The 
second part of the symposium is concerned with the 
initiation of leaf primordia and opens with a chapter 
by C. W. Wardlaw on the inception of leaf primordia 
in relation to metabolic and geometrical aspects of 
apical organization. This is followed by a mathe- 
matical treatment by F. J. Richards of the spatial 
correlations involved in the production of leaf pattern 
at the apex. N. Sunderland, J. K. Heyes and R. 
Brown conclude the section with an account of their 
original observations on growth and metabolism in 
the shoot apex of Lupinus. In the third section of 
the symposium, which deals with leaf expansion, H. 
Jones has covered a very wide field within the limits 
of his chapter on morphological aspects of leaf 
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expansion. Other aspects of leaf expansion are dealt 
with in articles by H. W. B. Barlow and C. R. Hancock 
and by E. Biinning. W. T. Williams contributes an 
interesting account of etiolation phenomena. The 
final section of the symposium, with contributions 
by F. L. Milthorpe, G. E. Blackman, H. L. Penman 
and D. J. Watson, is concerned with the influence of 
external factors on leaf growth and underlines the 
importance of such studies in any attempt to improve 
crop production. 

It will be evident from a consideration of the sub- 
jects dealt with and from the names of the contri- 
butors that this symposium is an excellent compila- 
tion. In a work of this type there are always certain 
gaps that could be filled ; an account of leaf meristems 
would have been helpful and few of the authors have 
paid any attention to the potentialities of, or the 
results already achieved by, the supply of organic 
substances to plants growing in aseptic culture. The 
organizers of the symposium are to be congratulated, 
however, 6n producing a book which should be of 
great interest, not only to those concerned with 
agricultural production, but also to any student of 
plant morphogenesis. A. ALLSOPP 


ANALOGUE COMPUTERS 


Analog Computer Techniques 

By Prof. Clarence L. Johnson. Pp. xi+264. (Lon- 
don : MeGraw-Hill Publishing Company, Ltd., 1956.) 
45s. 


Electronic Analog Computers 

(D-c Analog Computers). By Dr. Granino A. Korn 
and Theresa M. Korn. Second edition. Pp. xiv+ 
452. (London: McGraw-Hill Publishing Company, 
Ltd., 1956.) 56s. 6d. 


LECTRONIC analogue computers were developed 
mainly during the Second World War, primarily 
in connexion with radar and predictors. The first 
uses and many of the techniques arose in Britain. 
The past decade has seen a tremendous growth of the 
number and popularity of this type of computer, 
in the problems of automatic control where 
non-linear effects can so easily be studied by direct 
simulation. Reasons for this increasing use are the 
simplicity in understanding the method of operation 
and the ease with which they can be designed and 
built. This is exemplified by the large number of 
small special-purpose machines that have been ‘home- 
constructed’. There is a big demand for the all-too- 
few books on this subject. 

‘Analog Computer Techniques’, by C. L. Johnson, 
is a new-comer in this field. The introduction gives 
as the purpose of this book the reduction in the 
training period of analogue computer operators. It 
is, however, by no means an operator’s handbook but 
a detailed survey of the various electronic methods 
by which mathematical functions may be represented 
and operations performed, together with a study of 
the various techniques now available for the solution 
of differential equations. In the classification of 
computing machines the analogue variety is sub- 
divided into ‘physical-m.alog’ and ‘mathematical- 
analog’ computers and goes on to claim that the 
book will deal mainly with the latter. If this had been 
true, the text would not have been half so valuable as 
it turns out to be. The most important uses of, and 
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the major advances in, engineering science in guided 
missiles, servomechanisms and automation have been 
achieved by physical analogue machines known in 
British terminology as ‘simulators’. The difference 
between the use of these two classes of computers is 
greatest when the problems are non-linear. Here, in 
many cases, the mathematical equations may be 
difficult or impossible to formulate, and where, as is 
demonstrated intentionally in section 7.5, it is only 
too easy to find the right answer to the wrong equa- 
tion. It then becomes necessary to use physical 
simulation of the problem as in ‘backlash’, hysteresis, 
saturation and other non-linear functions. This is 
dealt with adequately and at length in Chapter 7, 
“The Representation of Non-linear Phenomena’. 

In the main the mathematics has been kept at a 
fairly low level, but surely not at such an elementary 
stage that the author thinks it necessary to justify 
in an appendix the equivalence of jw and the operator 
p. An exception is that of section 9.7, where the 
mathematics involves the theory of functions of 
complex variables and is quite out of keeping with 
the remainder of the book. It is also unnecessary 
and could with advantage be deleted. A blatant 
mistake is the use of complex coefficients, in equation 
9.15, which represent physically unrealizable systems 
and lead to equation 9.18, which is incorrect. 

A misleading treatment of Nyquist’s criterion is less 
excusable. The proof and theorems given under this 
heading are an extension due to H. W. Bode (which is 
not acknowledged) and have little connexion with this 
famous criterion. Nowhere is it explained that it is a 
criterion of stability. In fact, in the very section, 
A.4, “Conditions of Stability’, in which it should be 
utilized it is never mentioned. Instead, the author 
uses the out-of-date and cumbersome Hurwitz- 
Routh set of criteria (Hurwitz’s name is also 
omitted). 

Apart from this theoretical flight which is a mistake 
and is, in any event, only a very small portion of the 
book, the treatment of computer elements, multi- 
pliers, function generators and examples of methods 
of applying and solving problems is good. The 
chapter on the more modern digital integrating 
differential analyser has special merit. References 
are given at the end of each chapter and are exclusively 
American. 

“Electronic Analog Computers”, by G. A. and T. M. ° 
Korn, is the second edition of a very successful book 
which has had the privilege of being first in the field 
for several years. 

The complete absence of the use of a machine as a 
simulator has been rectified in the second edition 
which now deals very adequately with this subject, 
giving techniques directly applicable to non-linear 
control systems. Circuit details are now given of 
methods by which these non-linear functions can be 
simulated by diodes, including the generation of 
functions of more than one variable. The book is 
up-to-the-minute in dealing with multipliers by 
including F.M.—A.M. and time division methods of 
multiplication. There is even a small section on 
random processes and the production of required 
forms of signals for computer use. The treatment of 
stability is still totally inadequate, and the Nyquist 
criterion as quoted is not strictly accurate. 

On the whole, however, it remains the best Ameri- 
can text on this subject. A large bibliography, 
together with author- and subject-indexes, complete 
the book. It is refreshing to note the British refer- 
ences included. J. C. Wxstr 
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NUCLEAR SCIENCE 


N article was published in Nature of April 27, 
A p. 835, dealing with the new National Institute 
for Research in Nuclear Science, and some of the 
many problems, administrative and scientific, raised 
by the establishment of the Institute, were men- 
tioned. ,The very scope of the proposals makes it 
essential that the project should receive careful 
consideration, and comments were therefore invited 
from a number of leading scientists who are not 
already committed to the Institute by membership 
of the governing body. We print below their replies. 


Sz Epwarp AppLeTon, G.B.E., K.C.B., F.R.S., 
Principal and Vice-Chancellor, University of Edin- 
burgh 
It is a reflexion of British progress in physical 
science that experimental equipment becomes of a 
more ambitious and elaborate nature. Most of the 
experiments requiring only modest apparatus, con- 
trollable by a single individual, have already been 
carried out in certain fields of inquiry ; though we 
may hope that there are still people who will not be 
too much influenced by this. In two notably live 
branches of science to-day, namely, nuclear physics 
and radio-astronomy, some of the necessary equip- 
ment has become so large and intricate that its 
duplication in university research centres generally 
becomes prohibitive on grounds of both space and 
cost. That is why the proposal to set up a National 
Institute for Research in Nuclear Science is to be 

welcomed. 

1 do not share the fears that have been expressed 
concerning the operation of the Institute as a 
monopolistic enterprise ; for I am sure that it ean 
be left to the governing body to see that the overall 
national interest, and that includes the welfare of 
our universities, is duly served. But I am concerned 
about an entirely different matter, and that is to 
ensure that existing university nuclear physics 
groups, with their more modest machines and other 
equipment, continue to receive adequate support. 
Universities recognize their function as being the 
two-fold one of training the young research worker 
as well as advancing human knowledge. There is a 
lot to be said for the simpler type of experiment, 
conducted by one or two individuals, as the student’s 
first essay in scientific inquiry. One does not learn a 
great deal by being in charge of only one of the 
controls of a huge machine. So I plead the cause of 
individual, as well as team, research. 


Pror. W. E. Burcuam, F.R.S., University of Bir- 
mingham 

ONE encouraging feature of the study of high-energy 
nuclear physics has been the degree of international 
co-operation which it has fostered. Physicists of 
many countries are using, or proposing to use, the 
facilities of great laboratories such as those at Berke- 
ley or Geneva without apparently suffering any loss 
of prestige. It would therefore seem entirely reason- 
able for a federation of the universities of Great 
Britain to co-operate with the Atomic Energy 
Authority in planning and using the facilities of a 





large national laboratory. It is not realistic to 
suggest that such a laboratory should be sponsored 
by any single university, although future laboratories 
might be planned regionally to serve a group of 
universities. 

If any such laboratory is to come into being at all 
and to compete usefully in high-energy physics 
within the next decade, its planning is already a 
matter of extreme urgency and must rest largely ‘on 
the present staff of the Atomic Energy Authority. 
The sooner this burden is distributed fairly among 
potential users the better, and it is now for the 
universities to suggest conditions under which 
members of their staffs could be seconded to the 
National Institute for a time sufficient to make a real 
contribution. The difficulty is that this time is 
probably about two years at least, which is long 
enough to weaken considerably that unity of teaching 
and research which most university lecturers regard 
as essential to their profession. 

One solution would be to have national laboratories 
within easy reach of all interested universities, but 
@ more practicable one might be so to increase the 
size of a typical university staff that the regular 
absence of two or three members for a double 
sabbatical year could be tolerated. There would be 
some break in the continuity of the duties of an 
individual lecturer, but this would be a small price 
to pay for the experience and inspiration which he 
would gain. In order that these advantages could 
ultimately accrue to the universities, it would be 
necessary to ensure that seconded staff would not be 
offered permanent appointments. 

I believe that the National Institute should have 
nothing to do directly with the nuclear energy 
programme, and that demands for reactors and low- 
energy accelerators should be left to arise from within. 
The Institute might well see that such relatively 
modest facilities were evenly distributed and 
generously endowed in universities, but it should 
primarily concern itself with its own special function. 
It might also provide a test-bed for new ideas, for 
the full-scale exploitation of which university facilities 
are usually inadequate and generally slow. 

There are doubtless many minor practical diffi- 
culties to overcome in the present proposal, but none 
seems desperate providing that universities can be 
enabled to make a real and immediate contribution 
‘on the site’. This will entail the whole-hearted 
co-operation of the University Grants Committee ; 
if this results in a@ general increase in the number of 
university teachers, the cause of advanced education 
will be noticeably furthered. 


Dr. A. B. D. Cassm, C.B.E., director of the Wool 
Industries Research. Association, Torridon, Heading- 
ley, Leeds 

Economy of materials and man-power may have 
compelled the decision to establish a National 
Institute for Research in Nuclear Science, but this 
policy is, in my opinion, also likely to prove right 
for the universities. The appeal and advantages of 
@ university life are ample leisure to discern and 
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follow up new lines of thought, and to do whatever 
is done with a degree of excellence which cannot be 
attained elsewhere. In short, university staffs 
should be aristocrats in their own subjects. The 
establishment of very costly and complex equipment 
at individual universities seems to reconcile 
with this fundamental feature of university life. 
Indeed, I should have thought that, once installed, 
such @ machine would determine the pattern of 
research for a long time ahead, thus denying to 
academic staff the freedom to follow any other 
promising line of thought. How much better for the 
staff to feel that they have such a machine available 
for their work without being tied to it in future 
research projects. So the new National Institute 
should help to maintain academic freedom, which is 
still, I am sure, the appeal which brings the right 
type of man to the university staff. 

Should the new Institute have a programme of its 
own or should it be run by a steering committee 
which merely allocates time to various groups 
wishing to use its equipment? It should, I think, 
have @ programme of its own. A governing board 
as at present constituted would ensure that the 
programme would follow and fit in with the require- 
ments of those interested in nuclear research. I am 
sure, too, that time would be made available to 
check important theoretical deductions or test new 
ideas put forward by members of university staffs. 
I think that the alternative of allocating time to 
different universities would prove exceedingly difficult 
to administer, and would have the defect for the 
universities that they might suffer unduly from 
absent teaching staff. 

As regards the programme of work, I am not com- 
petent to deal with.this other than to state that the 
board would have to be completely free from bureau- 
cratic, control if the programme of the Institute is 
to be really worth while, and sufficiently flexible to 
accommodate projects from those outside the 
Institute. 


Pror. 8S. Devons, F.R.S., University of Manchester 


THERE can be little doubt that if physicists in 
Britain are to participate in the future development 
of high-energy physics, then the present, traditional 
organization of research on the basis of the inde- 
pendent resources of individual universities is 
inadequate. Some form of co-operation and some 
pooling of resources are essential. The particular 
type of co-operative enterprise must depend on the 
relationship which one considers this expensive 
research to bear to education, research and tech- 
nological development in physics generally, as well as 
on the intrinsic factors which are involved by the 
need to create adequate facilities. 

The title of the new institute sounds all-embracing, 
although the main incentive for its creation has been 
the specific need of research tools in the very high- 
energy field. This is the field of physics which is still 
predominantly academic and non-technological in its 
aims and outlook. The significance of this work for 
technological development is indirect—by main- 
tenance of scientific research and education at the 
highest possible level. If the new institute is to be 
concerned primarily with this academic work, then 
its relationship with research and teaching in the 
universities is of vital importance. The extreme 
possibilities, an independent institution engaged in 
academic research competing with the universities 
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and a co-operative enterprise of the universities, are 
clearly pointed out in the article in Nature. In any 
event, the physics departments in most universities 
are deeply involved, and the function, scope and 
organization of the new institute is of direct interest 
to them. 

Regret is expressed in Nature that there has 
been little public discussion of the principles in- 
volved. One might add that these general issues 
have scarcely been discussed adequately by the 
university physics departments themselves. One cain 
surely expect, however, that within the framework 
of the present proposals there is still room for such 
opinions, professional and public, to make themselves 
felt. 


Dr. D. W. Hu, director of the British Cotton 
Industry Research Association, Shirley Institute, 
Didsbury, Manchester 


THE proposed National Institute for Research in 
Nuclear Science is a bold conception to meet a more 
than ordinary need. According to the announcement 
in the House of Commons on February 14, ‘“‘the main 
object of the Institute will be to provide, for common 
use by Universities and others, facilities and equi)- 
ment ...’’. This object must raise problems both for 
the new Institute and for the universities. 

While a good deal of research in nuclear science 
can be conducted in the universities with limited 
facilities, there are undoubtedly topics which should 
be subjects of research in universities and for which 
access to a nuclear reactor or to high-energy machines 
is essential. For example, the development of 
nuclear diffraction techniques for the investigation of 
crystal structure—a potentially valuable extension of 
X-ray diffraction techniques—needs access to a pile. 
In the present state of knowledge, nuclear reactors 
and high-energy accelerators must be sited for 
reasons of space and/or prudence in open country. 
This implies a geographical separation from the 
universities and thereby poses an immvate problem 
for them by the separation of their twin ‘unctions of 
teaching and research. 

An important function of university research 
itself is the training of the young research workers. 
Few teachers would want research students to be 
separated from their direction even for work involving 
special equipment. It seems likely, therefore, that 
problems considered suitable for research students 
will not include those that demand the special 
facilities of the new Institute. From where then will 
the demand come for the use of this special equip- 
ment? So far as the universities are concerned, it 
can apparently be only from members of the staff ; 
but they have teaching and administrative duties 
from which they cannot easily be excused. It seems, 
therefore, that they must use the Institute during 
their vacation periods or be given sabbatical periods 
for the purpose. This will not, by itself, serve to 
keep a steady load on the resources of the new 
Institute. The other source of external workers is 
likely to be the new nuclear energy industry, from 
which research workers might be seconded to investi- 
gate particular problems of value in, for example, the 
design of indusfrial nuclear reactors. 

In order to balance the work of the Institute and 
keep the resources both in capital equipment and 
trained personnel fully employed, it will probably be 
necessary to establish a research programme within 
the Institute. There might then be a conflict 
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between the,demands of the research programme and 
the desires of visiting research workers. Neverthe- 
less, similar, if smaller, schemes have been in success- 
ful operation for many years in observatories equipped 
with large telescopes. Visiting astronomers use the 
equipment for a particular problem and share the 
observing time with others, including the permanent 
staff of the observatory. The research programme 
of the Institute under such a scheme could scarcely 
be expected to cover defence research and would 
necessarily therefore be directed towards fundamental 
studies. A director of a research association may be 
forgiven for suggesting that it could also be a powerful 
centre of nuclear research for industry. 

The balance of the two functions of performing 
research and providing tools for others to do so 
would be the responsibility of a director acting under 
the governing board already appointed. Since, to 
provide staff for the Institute, he would probably 
have to denude the universities, the ultimate balance 
will probably be decided by the shortage of competent 
physicists. It seems certain that the greatest advan- 
tage will be reaped if the Institute is both employer— 
carrying out independent research—and employed— 
providing facilities. 

This arrangement still leaves untouched the 
problem of training young research workers, and 
there remains a third possibility, namely, that the 
permanent staff of the Institute will be recognized 
teachers in their own right to whom students will 
willingly migrate and whom universities will willingly 
recognize. It seems to me that, on whatever basis 
the Institute originates, it will change with time to 
become a de facto if not de jure advanced college of 
nuclear technology, providing not only for its own 
research and facilities for visiting staff, but also for 
postgraduate training in nuclear science. 


Pror. J. M. Kay, professor of nuclear power, 
Imperial College of Science and Technology, London 


Tue decision to set up @ National Institute for 
Research in Nuclear Science will receive general 
support from university departments concerned with 
nuclear energy. Some difficult problems may arise, 
however, over the relationship of this new Institute 
to the research activities of the U.K. Atomie Energy 
Authority. It is not always appreciated that, in 
addition to the Atomic Energy Research Establish- 
ment at Harwell, there is the large and highly- 
organized Research and Development Branch of the 
Industrial Group with headquarters at Risley and with 
laboratories at Springfields, Windscale, Culcheth, 
Capenhurst and Dounreay. Will it really be neces- 
sary in the future to have three distinct research 
organizations in the field of nuclear science, all 
financed through the Atomie Energy Authority ? 

Presumably the division of research activities 
envisaged in this tripartite arrangement is for funda- 
mental research to be carried out at the new Institute, 
long-range research in the application of atomic 
energy to be pursued at Harwell, while research and 
development directed towards specific constructional 
projects would continue to be the responsibility of 
the Research and Development Branch at Risley. It 
is doubtful, however, whether it will be possible to 
maintain these clear distinctions, and inevitably 
there will be overlapping and duplication of effort at 
the boundaries. It could be argued that a simpler 
and better solution would be to have only two 
research organizations, one dealing with fundamental 
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research which would be conducted so far as possible 
in an atmosphere of academic freedom, and the other 
dealing with applied research and development. 

If the latter solution were to be adopted, the 
quickest way of setting it up would be to take the 
existing fundamental research activities of the Atomic 
Energy Research Establishment at Harwell as a 
basis for the new Institute. At the same time it 
would be necessary to combine the present applied 
research activities at Harwell with those of the 
Research and Development Branch at Risley. While 
the obvious criticism could be advanced that this 
would mean disrupting the present activities of 
Harwell, it is evident that some re-arrangement is 
envisaged in any event in view of the proposal to 
establish a second site at Winfrith Heath. A simple 
solution would be to transfer the applied research 
work from Harwell to Winfrith Heath, which would 
then become an outstation of the Risley Research 
and Development Branch. On this picture Harwell 
would become synonymou with the National 
Institute for Research in Nuclear Science and would 
then be able to concentrate its efforts on those funda- 
mental researches for which it is supremely well 
suited. 


Pror. G. D. RocuesteR, The Durham Colleges in the 
University of Durham 


SINCE so many members of the governing board of 
the new Institute are physicists with an active 
interest in high-energy nuclear physics, most nuclear 
physicists are confident that it will be run in the 
best interests of nuclear physics in Britain. The high 
proportion of university representatives will ensure 
close contacts with the universities. Effective contact 
will, however, only be secured by members of univer- 
sity physics departments, lecturers and research 
students alike, working at and with the Institute. 
Probably this will be done in two ways: by university 
departments seconding staff and students to work at 
the Institute for periods of up to two to three years, 
and by university ‘truck’ teams carrying out relatively 
short experiments involving exposures to the various 
beams of particles which will be available. The 
essential difference between the two types is that in 
one case, the university group, possibly with members 
of the Institute, will build its equipment and perform 
the experiment at the Institute; whereas in the 
second case, the group will build and assemble its 
equipment at its home base, take it to the Institute 
for the exposure, and then return to the home base to 
examine photographs or recordsand analyse theresults. 

This sort of thing is not new to those who have 
worked in cosmic rays. Several universities in 
Britain have in fact maintained research teams on 
the Jungfraujoch, La Marmolada and the Pic du 
Midi, and have organized great balloon-flying expedi- 
tions abroad. The difference is that if the new 
Institute is to be run largely by university personnel 
the scale of the operation is likely to be larger. 
University physics departments which specialize in 
nuclear physics will need to increase in size to allow 
some members leave of absence, and finding addi- 
tional staff might well prove difficult. The question 
of financing the groups may not be so difficult ; 
probably the semi-permanent group could be financed 
by the Institute and the ‘truck’ team by the Depart- 
ment of Scientific and Industrial Research. 

There is one other aspect to which attention 
should be directed, and that is the danger of over- 





1046 


centralization. If the best use is to be made of the 
universities, ive nuclear equipment must be 
made available to them. This might mean the setting 
up of small institutes equipped with less-expensive 
accelerators and small reactors. The siting of these 
institutes will be important ; but one would expect 
them to be in parts of the country remote from 
Harwell and yet as close as possible to universities. 


Pror. J. Rorsiat, Medical College of St. Bartholo- 
mew’s Hospital, London 

THE editorial article on the National Institute for 
Research in Nuclear Science directs attention to some 
dangers inherent in the setting up of the Institute. 
One danger which is not mentioned explicitly in that 
article is the possibility of further weakening inde- 
pendent scientific opinion in Britain. The ever- 
increasing impact of science on the whole life of the 
community, coupled with the feeling among the 
public that scientists are shirking the responsibility 
for their work, makes it necessary that scientists 
should be free to speak about the implications of 
science, whether political or not, without qualms 
about embarrassing the Government. 

It is regrettable that at a time like this a con- 
siderable fraction of nuclear scientists is precluded 
from expressing such independent opinion by virtue 
of their being employed in Government institutions, 
either as Civil servants or as members of the Atomic 
Energy Authority. It is also distressing to note that 


even among independent scientists there is a tendency 
to avoid controversial issues, because some of them 
feel that, being members of some board or council 
of a Government institution, they must not say 
anything in public which may imply a criticism of 


the official policy of the Government. The setting 
up of the National Institute for Research in Nuclear 
Science, which is bound to have close links with 
official Government bodies, may aggravate this 
situation by limiting the freedom of action of an even 
larger number of scientists. If this is to be avoided, 
it is essential that the constitution of the Institute 
should state clearly that its members are in no way 
bound by official ties and that they’ are completely 
free to express their views in public. From this 
point of view I am in favour of a management the 
duty of which would be to allocate time and priorities 
rather than to formulate policies. 

There is one other point to which I should like to 
direct attention. When the Institute is established, 
and in view of the huge sums which will be needed 
to operate it successfully, there may emerge a ten- 
dency to cut down expenditure on nuclear science in 
British universities. Such a policy would be dis- 
astrous. For the Institute to achieve its object it 
must be assured of a steady supply of people already 
trained in the basic principles of nuclear physics 
and with experience in some of its techniques. The 
physics departments of the universities, in which 
this preparation should obviously take place, must 
therefore be appropriately equipped and encouraged 
to carry out in nuclear physics, even if only 
on @ small scale. In this connexion it is worth while 
pointing out the anomalous situation in the Univer- 
sity of London. In this alma mater, which turns out 
the largest number of graduates in the country, 
there is now scarcely any nuclear physics research 
work being carried out in its numerous schools, 
colleges and affiliated institutes. This is not the 
place to trace the sequence of events which has led 
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to such a situation, but it certainly calls for a remedy ; 
this might perhaps take the shape of an auxiliary 
institute for nuclear research to be operated jointly 
by the schools of the University of London. 


Pror. J. Sayers, University of Birmingham 

Ir is by no means certain that progress in funda. 
mental research will be greater if a few hundred 
research workers are collected in a central institute 
than if the same workers are divided into independent 
groups at different centres. Perhaps there is an 
optimum size of organization from the point of view 
of the efficient use of scientists in fundamental 
investigations. If, on the other hand, the aim is the 
efficient use of limited research facilities and equip. 
ment, there can be little doubt about the advantage 
of a central institute as is now planned for nuclear 
science. 

It may be worth while considering the possible 
advantages of a research group of limited size as 
represented, for example, by the larger university 
departments in Britain, as some of these advantages 
may be retained in the National Institute. The first 
that comes to mind arises from the fact that not 
only does research activity enhance the quality of 
teaching but also advanced-level teaching can leven 
research. It is not easy to provide adequate teaching 
opportunities for a large number of scientists in one 
place. The second possible advantage of the smaller 
independent groups is less easily defined. It arises 
from the fact that chance seems to play an appreciable 
part in discovery. The new ideas, which are the 
seeds of discovery, may often occur almost spon- 
taneously. Since we cannot, in the nature of things, 
say in advance what will be the environment in 
which new ideas of the future will emerge, the best 
that can be done is to provide the maximum diversity 
of scientific environment. This will not be best 
achieved in a large institute, in which research 
planning and policy are under central direction, 
however wide the representation on any controlling 
board. 

The solution may lie in the National Institute 
providing facilities which could be shared among 
university and other groups. This need not preclude 
the Institute employing scientists on its permanent 
staff, and indeed these might constitute one of the 
largest groups using the facilities of the Institute ; 
but if the sharing of facilities is to be effective, the 
Institute staff should not dwarf the larger university 
departments. 


H. W. B. Sxryner, F.R.S., University of 

Liverpool 

In the U.S.8.R., most of the research work seems 
to be done in a number of independent institutes, 
grouped around a university, which use some of their 
staffs for teaching purposes. In Britain and in 
the United States, on the other hand, the centres 
of pure research have always been in the universities, 
and this remains true in spite of organizations like 
the Brookhaven National Laboratories. Indeed, 
Brookhaven itself is managed by a group of univer- 
sities of the eastern United States. It seems clear 
that we must not let the new Institute for Research 
in Nuclear Science upset our traditional pattern 
more than can be helped. We cannot afford to let 
it ruin the university nuclear physics research 
departments. For it could easily happen that oppor- 


PRor. 





No. 4569 May 25, 1957 


tunities for attractive research work, coupled perhaps 
with high salaries as in the Government establish- 
ments, might lure all the best nuclear physics brains 
away from teaching into some large central institute, 
run on the lines of a Government establishment. 

The real problem is how to avoid this. Though 
difficult, it should not be at all impossible to make 
suitable arrangements. The main points are these : 
(1) The existence of the Institute should not lead to 
a curtailment of funds for nuclear physics research 
in the universities. Indeed, these should be supplied 
with ‘medium-sized’ new machines when their 
present equipment becomes obsolete. There is a 
correct balance in this respect in the United States. 
(2) The Institute, in the not too long run, should be 
developed, not as one establishment but as several 
establishments on a regional basis. (3) A large 
proportion, probably the majority, of the scientists 
using the Institute should be university staff. This 
would clearly be facilitated by (2). Some increase 
in university staffs may be involved, to allow periods 
of work away, but this would not be serious. 
(4) Research students, working under the staff of 
their own universities, should be allowed to spend 
up to two of the three years normally necessary for 
the Ph.D. degree at one of the Institute establish- 
ments. (5) Each establishment should have a director 
and, except for financial control, it should be prac- 
tically autonomous. It would thus become the 
high-energy research centre for the universities around 
it. Granted that the Institute is allowed to grow up 
in this way, I think we can make a success of it. 

I found myself in disagreement with one doubt 
expressed in the article in Nature, namely, the control 
of research programmes. My experience in the high- 


energy field has taught me that these programmes 
more or less control themselves. That is to say, a 
programme is always fluid, open to change in the 
light of new ideas. It is not likely that, given reason- 
able common sense, there would ever be any dispute 
between a director and a university as to what 


experiments should be done at any moment. Of 
course there might be an argument as to whether A 
or B should do a certain experiment, but this is a 
relatively trivial matter, and could be settled by 
arbitration. 

No doubt the necessity for the Institute is unwel- 
come ; but it is futile to deny that, if we are going 
ahead with high-energy physics, it is a necessity. It 
is necessary because, although we are doing very 
good work in the MeV..-field of nuclear spectroscopy 
and in the high-energy field up to 1 BeV., without 
the Institute we have no hope of going to higher 
energies, and therefore we cannot work with K-mesons, 
hyperons or anti-nucleons. Our institutions ought 
not to be so rigid that they cannot adapt themselves 
to the situation. 


Dr. H. G. Taytor, director of the British Electrical 
and Allied Industries Research Association, Dorking 
Road, Leatherhead, Surrey 

ULTRA-HIGH energy accelerators are such iarge and 
costly machines that it seems unlikely that Great 
Britain, or perhaps any other country, will construct 
more than one. There may also be some doubt 
whether the problem to be studied in this extreme 
energy-range would justify duplication in any event. 
The decision that this project should be centred on 
the Atomic Energy Authority is perhaps natural, but 
it does change to some degree the function of the 
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Authority which has not so far undertaken funda- 
mental research in nuclear physics on anything but 
a modest scale. The title of the new Institute may 
therefore be misleading, particularly if it might be 
interpreted to imply that a large part of the nuclear 
research in Great Britain is to be concentrated in the 
Institute. So far this does not seem to be the inten- 
tion. 

High-energy accelerators are a special case, and 
whatever they achieve there will remain a very large 
amount of work on nuclear research at lower energy- 
levels which can be done in universities with apparatus 
of reasonable cost or by cosmic rays. Nor should the 
important theoretical work done at the universities 
be displaced by the location of specialized experi- 
mental apparatus. Such accelerators are, in con- 
struction and ®peration, very much engineering 
projects, though of course in their design and construc- 
tion they require highly qualified and specialized 
physicists and engineers. ‘There must therefore be 
some separation between accelerator technique and 
the basic problems in nuclear physics which it is 
proposed to study. The former is so specialized 
that no great loss should be suffered by academic 
departments. It is in the planning of experiments to 
be carried out and the availability of the results that 
grounds for concern may arise. Though the present 
arrangements certainly appear satisfactory, it would 
be easy to reverse the policy at any time following, 
say, a change of attitude on the part of the Atomic 
Energy Authority. Even at best, however, the 
planning of experiments by an expert body could 
discourage the ‘hair-brained’ type of experiment 
which often pays off. The main threats undoubtedly 
stem from security on one hand and bureaucratic 
financial control on the other. These are, of course, 
not new. 

The problems raised in general by the pursuit of 
fundamental research outside universities in relation 
to its impact on university teaching, etc., must now 
be accepted, and there is no real reason why the 
universities should lose on this account. Any 
research department or organization is liable to 
stagnate if there is not an adequate flow of personnel 
through it. The universities can always be expected 
to offer the attraction of greater freedom than either 
industry or Government departments, provided 
adequate remuneration is maintained. So long as 
by this means sufficient movement of staff is ensured, 
all should benefit. Indeed, in some cases it can 
prove a decided advance. Thus while the universities 
have long held the lead in research in physics, 
chemistry and the like, in engineering it is true to 
say that the standards of academic teaching and 
research have advanced markedly since the inception 
of research in industrial organizations. A good 
example of the two-way flow engendered in this way 
is provided by semi-conductors, where the investiga- 
tions carried out in the laboratories of electrical 
concerns have passed back fundamental problems and 
the techniques necessary for their pursuit to academic 
circles. 


Dr. J. THomson, Director of Research, British 
Scientific Instrument Research Association 


THERE are two excellent reasons for establishing 
a National Institute for Research in Nuclear Science. 
The first is that only in such an Institute can there 
be the essential integration of the academic sciences 
ensuring that real problems receive adequate atten- 
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tion by balanced teams of physicists, chemists and 
engineers. It is no criticism of the universities to 
state that their traditional organization makes it 
difficult for them to assimilate a new technology 
which demands such integration. College teachers 
and research workers are necessarily specialists, who 
are forced to look only at their particular aspect of 
a problem; scientists in a non-academic research 
organization are forced to combine their efforts, so 
that all aspects of a problem may be considered 
simultaneously. This, rather than any consideration 
of bricks and mortar or nuts and bolts, is the most 
important reason for bringing the National Institute 
into being. The second is that the establishment of 
an Institute is in accord with the modern British 
concept of combining for research, so that individual 
firms may be able to compete in development and 
production. In this sense the National Institute may 
become the research association of the new nuclear 
industry; one might presume that it will have 
established itself as an independent, useful entity 
when the industry is prepared to take it over and 
to finance it. 


NATURE 





May 25, 1957 VoL. 179 


There need be no conflict of interests between the 
Institute and the universities provided that each 
concerns itself with its own problems. The Institute 
is to improve our understanding of nuclear science in 
its entirety and of its applications. The universities 
are to teach and to undertake research in nuclear 
physics, nuclear chemistry and nuclear engineering. 
In short, the universities should continue to provide 
the ‘specialists’ who (after a period of apprenticeship) 
may become the ‘nuclear scientists’ of the Institute. 
If the latter is to serve the nation, the governing 
board will do well to concentrate on taking whatever 
steps it deems necessary to advance the new science, 
secure in the knowledge that the universities will do 
their best to assist. The future of Britain is so 
dependent upon advances in industrial technology 
that the protocol is a minor matter. All will accept 
without complaint anything which furthers the 
magnificent work already done by the Atomic 
Energy Research Establishment, and _ scientists 
everywhere will wish the Board of the new National 
Institute well and advise it to let nothing stand in 
its way. 


DOUNREAY EXPERIMENTAL REACTOR STATION 


By Dr. C. R. TOTTLE 
Head of Laboratories, United Kingdom Atomic Energy Authority Industrial Group, 


Research and Development Branch, Dounreay, 


HE completion of the Windscale plutonium- 
producing piles in 1950 allowed a small effort to 
be diverted from the main commitments of the 
Atomic Energy Authority’s Industrial Group into the 
field of possible power-producing reactors. During 
the design and construction of the Windscale estab- 
lishment, the feasibility of combined plutonium— 
power producers had been considered, and thoughts 
were naturally turned again in this direction. Never- 
theless, the principle of ‘breeding’, in which more 
than one new fissile atom would result from each 
fission, offered great attractions, and it was decided 
to explore this field. It was obvious from the start 
that many new problems would result. The reactor 
would require a minimum of neutron-absorbent 
materials, hence it should rely on ‘fast fission’ and 
there would be no moderator. The core must be kept 
small to maintain neutron economy, so that its heat 
rating would be exceptionally high. To remove this 
heat, the only feasible coolants appeared to be liquid 
metals, and, of these, sodium offered advantages. 
The fast-reactor project began to grow in com- 
plexity, and as problems were solved one by one, it 
beeame obvious that an experimental reactor was 
the essential first step towards a power station 
employing fast fission and breeding. The safety of 
the reactor involved two main issues—the possibility 
of fires caused by the release of liquid metal coolant, 
and the release of fission products. A problem of 
containment of both hazards was thus introduced. 
During the next five years, the need for an exten- 
sive programme of irradiation testing of reactor 
materials and components became more and more 
pressing. As the programme of the Industrial Group 
widened in scope, many problems awaited a solution 


hness 


or final confirmation from tests ‘in pile’. This diffi- 
culty was even more evident in the Atomic Energy 
Research Establishment, and with the decision to 
build DIDO and PLUTO at Harwell, a third reactor, 
similar to PLUTO, was added to the facilities of the 
Industrial Group. This reactor was to be directed 
towards the more applied problems of the Group, 
which by this time was heavily committed on a 
power reactor programme. Although much of the 
irradiation testing for Calder Hall was carried out at 
Windscale, and some for the fast reactor also, it was 
obvious that the performance of Calder A showed 
every prospect of a considerable improvement, and 
irradiation testing facilities for civil power stations 
must be speeded up. As the Dounreay site had 
already been chosen for the fast reactor, the facilities 
and services to be made available were extended to 
cope with this materials- reactor. 

From time to time, the detailed operation of the 
Industrial Group plants producing and handling 
fissile material required revision, to avoid incidents 
due to the assembly of masses of fissile material (in 
many complex forms) closely approaching the critical 
size, where neutron multiplication becomes extremely 
rapid. Theoretical treatment from data available 
proved difficult, and large factors of safety were 
introduced. It became obvious that more economic 
usage of plant and materials might be possible if 
experimental work covering specific materials in 
particular states of dispersion and environment could 
be carried out. Such experiments may take the form 
of actual assembly of fissile material packages, 
gradually approaching the critical mass, or employ 
‘exponential’ methods susceptible to further theor- 
etical treatment. The study of critical masses 
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controlled by the insertion of absorbing materials, 
and the general properties of neutrons in the presence 
of materials of construction normally employed in 
atomic energy plants, are allied fields, from which a 
vast amount of useful information can be obtained. 
Once again, the development of the Dounreay site 
offered an opportunity to build a facility for experi- 
mental criticality studies. 

The Dounreay station thus comprises three main 
fields of research and development : the experimental 
fast-fission reactor, the materials-testing reactor 
(DMTR) and experimental criticality. A con- 
siderable volume of effort has been devoted in 
development of the fast reactor to complete the 
design stage, and to provide data for the manufacture 
of fuel elements and the chemical processing of 
irradiated fuel. It was necessary in the earliest 
phase to study the degree of breeding which might 
be attained in this reactor. To this end, ZEPHYR 
was built at Harwell, utilizing a plutonium core and 
a natural uranium ‘blanket’, the latter to capture 
neutrons and breed more plutonium. ‘The results 
were extremely encouraging, almost two new fissile 
atoms resulting from each fission. The information 
in the field of nuclear physics provided by ZEPHYR 
also included measurements of cross-sections for 
neutron capture and scattering, but since the Doun- 
reay reactor was to be fuelled with enriched uranium, 
further details were required of the degree of enrich- 
ment and its disposition in the fuel elements. The 
ZEUS reactor, also built at Harwell, provided this 
information and gave more accurate results from 
cross-section and perturbation experiments. Many 
instrumentation problems which arose in the Doun- 
reay design were also studied. 

The choice of materials for the experimental fast 
reactor provided a large field of development. 
Theoretical studies at the Culcheth laboratories of 
the Industrial Group showed that conventional heat- 
resisting materials such as alloys based on iron, 
nickel or chromium were incompatible with uranium 
at the maximum temperatures which might be 
attained, although they were compatible with the 
sodium coolant. The transition metals of Groups 
IVa, Va and Via of the Periodic System offered the 
greatest advantages, and experimental confirmation 
was obtained at the Industrial Group Research and 
Development Branch Laboratories at Culcheth. It 
was not sufficient that materials should be com- 
patible with each other, with uranium, and with the 
coolant, they must also possess adequate mechanical 
strength at temperature over the life of a component, 
and show suitable thermal conductivity to ensure 
good heat transfer. Due to the high heat rating of 
the core, high values of thermal stress were expected, 
and dissimilar metals can only be tolerated if the 
differential in thermal expansion is not excessive. 
Physical and mechanical properties were studied 
experimentally at Culcheth, together with experi- 
mental checks on complete fuel elements. At a later 
stage, manufacture of full-scale fuel element com- 
ponents and tests on complete elements were repeated 
at the Springfields laboratories of the Research and 
Development Branch. One interesting field in the 
development of new materials which arose, first on 
the laboratory scale at Culcheth, and later on a larger 
scale at Springfields, was the necessity to manufacture 
certain metals of appropriate purity, before tests 
could be made or elements assembled. Work on the 
development of niobium has been fully described 
elsewhere. 
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In the design of the reactor, problems of heat 
transfer loomed large from the beginning, due to the 
high heat rating of the core. The Windscale labor- 
atories of the Industrial Group Research and 
Development Branch carried out an extensive pro- 
gramme of loop testing, employing sodium coolant 
and materials of construction suitable for fuel 
elements, heat exchangers, pumps and the general 
coolant circuit. The work involved a complete 
appraisal of sodium technology, and much valuable 
information on handling liquid sodium and sodium— 
potassium was obtained. "Similar work, employing 
large testing loops containing liquid metal, was 
carried out in the Capenhurst laboratories. Here the 
emphasis was on the design of reactor components 
and the control gear. Studies of coolant flow through 
the core and blanket were made with models em- 
ploying air or water. Although the fuel element had 
been tested at Culcheth and Springfieids to establish 
the principles of the materials used, the radiant 
heating employed was not appropriate, and high heat 
fluxes could not be obtained. At Capenhurst, the 
use of internal electrical heating to give the appro- 
priate flux was successfully developed. The work at 
Windscale employed similar methods to check the 
effect of local ‘hot-spots’ and the evolution of fission 
products from irradiated fuel. Design of the fuel 
element fabrication plant at Dounreay iargely 
evolved from the Springfields laboratories, and the 
chemical processes for treatment of irradiated fuel 
were similarly developed at Windscale. The Research 
and Development Branch at Risley provided theor- 
etical studies of reactor physics problems and liaison 
with the design engineers in all fields. 

Completion of construction on the Dounreay fast 
reactor is expected towards the end of the year. 
Once the reactor has been started up, and reached 
criticality, the experimental programme will com- 
mence. An engineering investigation into the per- 
formance of the coolant circuit, pumps and heat 
exchangers will proceed continuously. The control 
gear will be calibrated, and the neutron flux measured 
at various points. Since the excursion of EBR-1 in 
the United States, the kinetics of the Dounreay 
reactor will be of considerable interest. The Research 
and Development Branch plans to study the power of 
the reactor with variations in coolant flow, and the 
effect of ‘oscillations’ produced by movement of 
neutron-absorbent materials within the core. The 
core and blanket of this reactor are cooled by parallel 
coolant streams, whereas EBR-1 utilized a series 
cooling circuit, and for this reason the Dounreay 
reactor is not expected to show any 
transient behaviour. The power will be raised in a 
series of steps commencing with low levels of the 
order of 1-4 MW. During this time, experimental 
fuel elements will be irradiated which contain more 
highly enriched fuel than the standard core. Since 
the rating of these elements will give approximately 
the same results as the standard core operating at 
higher power levels, their satisfactory performance 
will be the signal for a general increase in power of 
the whole reactor. This method will be used through- 
out in raising the power, and requires the handling 
of highly radioactive fuel elements in specially 
shielded enclosures, to measure physical dimensions 
and check the physical and metallurgical properties 
of the fuel and canning material after irradiation. 
This will be carried out in two stages, first on 
complete elements, and secondly on small specimens 
cut from the element. 
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With each rise in power-level, the reactor kinetics 
will be checked for any unusual behaviour, and the 
same tests repeated over each period of uniform 
power-level, as the burn-up of fissile atoms increases. 
Neutron flux measurements will be made concur- 
rently, to check the change in reactivity with time. 
The effect of control rod movements will form part 
of this test. 

One of the main objects for the Dounreay reactor 
will be to develop fuel elements capable of burning 
fissile atoms rapidly, and able to withstand high heat 
ratings with high outlet temperatures for the coolant. 
The use of plutonium as a fuel will be investigated, 
to illustrate the economics of a system based on the 
breeding of plutonium from natural or depleted 
uranium. The economics of the chemical processes 
required to handle highly active irradiated fuel will 
form part of this study,since there is no requirement 
for separation of ‘poisons’ in the shape of fission 
products with high capture cross-section for neutrons, 
but rather a means of re-forming fuel which may 
have suffered extensive mechanical damage from the 
fission process. 

To carry out the necessary development of fuel 
elements, the examination of irradiated materials and 
the work on chemical processing, extensive laboratory 
facilities are being provided at Dounreay. 

The Dounreay Materials Testing Reactor will be 
made available towards the end of the year also. 
The experimental programme will be divided into 
three main groups; large circulating loops for the 
irradiation of complete fuel elements or large-size 
specimens of reactor materials or components, 
moderately sized ‘thimbles’ (employing cooling) for 
irradiation of fuel or other core materials, and small 
‘thimbles’ for testing general materials over long 
periods of time, the latter being situated in regions 
of lower neutron flux. The whole range of reactor 
development within the Industrial Group will be 
covered, including the testing of fuel elements and 
materials for Civil power stations, and, in particular, 
developments associated with improved gas-cooled 
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thermal reactors. Such a programme involves the 
design, construction and testing of a large number of 
complex rigs before insertion in the pile, and their 
breakdown and examination after testing. The 
initial handling and breakdown will be carried out 
within the reactor precincts, as will out-of-pile tests 
conducted simultaneously with irradiation tests. 
Final examination of specimens will take place in the 
facilities already provided for fast reactor develop- 
ment. 

In the Dounreay Experimental Criticality Group, 
investigations are already proceeding on critical 
assemblies of uranium-235 dissolved in various media 
which moderate neutron energies, with a reflector 
surrounding the core, as occurs in many plant 
situations. The experimental rig closely resembles a 
reactor system, incorporating means of adding fissile 
material in controlled quantities and at pre-determ- 
ined rates, with control of the reflector (usually 
water). Means of ejecting the reflector rapidly to 
safety, and of insertion of a neutron-absorbing 
material, are normally employed with interlocked 
mechanisms. Control of the experiment and measure- 
ment of appropriate parameters are carried out from 
a central point in a similar way to a reactor operation. 
Future experiments are planned using plutonium or 
uranium-233 as the fissile material, and studies of 
reactor transient behaviour which is valuable in the 
design not only of reactors, but also of many pro- 
cessing plants. 

The Dounreay Station, centred around the experi- 
mental fast-fission reactor, forms a most interesting 
research and development group, since a large field 
of scientific technique is to be covered. Apart from 
the specific problems of the fast reactor, the irradia- 
tion testing of materials in both reactors offers a 
unique opportunity for the physicist, metallurgist 
and chemist. The engineering effort required to use 
these facilities to the full will be considerable, and 
organization of a planned programme will emphasize 
the full backing needed from engineering and all 
other services on the site. 


BRITISH ASSOCIATION MEETING IN DUBLIN 


By Pror. T. S. WHEELER 
University College, Dublin 


URING September 4-11 next the British 
Association will assemble in Dublin. This will 

be the first meeting to be held outside the Common- 
wealtu, though it will be the fifth visit to Dublin, 
one less than the maximum yet achieved by any city. 
It was as far back as 1835 that the Association 
first came to the Irish capital, after previous meetings 
at York, Oxford, Cambridge and Edinburgh. It 
returned to Dublin in 1857, 1878 and 1908. Much 
has changed since 1835, but what Sir William 
Hamilton then said in welcoming the members still 
holds true. Like him, the present organizers look to 
welcome a (in his words) “‘goodly company of English 
and Scottish, and foreign visitors to Ireland and to 
Dublin”. They hope that many great names will 
come ; as he said, “enough to give assurance that in 
brilliance and useful effect, this Dublin meeting of 
the Association will not be inferior to former assem- 
blings, but will realize our hopes and wishes, and not 





only give @ new impulse to science, but also cement 
the kindly feelmg which binds us all together already’’. 
It is noteworthy that in 1835 the president of the 
Association was the Rev. Bartholomew Lloyd, and 
that in 1857 his son, the Rev. Humphrey Lloyd, 
held that honour. Both were provosts of Trinity 
College, Dublin. The president in 1878 was William 
Spottiswoode, and in 1908 Francis Darwin. 
Dublin has many attractions as a meeting place. 
It is pleasantly situated on the coastal plain looked 
on by the foothills of the Wicklow Mountains. It is 
no mean city and an ancient one. In remote ages 
there was a village where an ancient Irish highway 
from Meath to Wicklow crossed the Liffey, and this 
village became a Danish city some thousand years 
ago. For centuries Dublin has had contact with 
scientific activity. Trinity College, long distinguished 
for its mathematicians, was founded in 1591, the 
Royal Dublin Society in 1731, and the Royal Irish 
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Academy in 1785. University College, Dublin, had 
its origin in Newman’s Catholic University, which 
was established in 1851. It also incorporates the 
Museum of Irish Industry, later the Royal College of 
Science for Ireland, founded in 1845. The libraries 
attached to all these institutions have much of 
interest in books and manuscripts, and are of an age 
and content such that there are few important 
scientific periodicals of which complete sets are not 
available in them. 

Accommodation for the meeting will be at four 
centres readily accessible from all districts of the 
city. General meetings will be held in the Library 
of the Royal Dublin Society, and sectional meetings 
in Trinity and University Colleges. The reception 
room, administrative offices and press bureau will be 
in the Mansion House, and the B.B.C. studio in 
Trinity College. 

The inaugural general meeting will be held on the 
evening of Wednesday, September 4. Prof. P. M. 8S. 
Blackett’s presidential address will be on ‘“Tech- 
nology and World Advancement’. 

There will be, as usual, a public lecture and two 
evening discourses. One of the latter will be delivered 
by the distinguished atomic physicist, Dr. H. J. 
Bhabha. The other was to have been given by the 
late Prof. Sean P. O Riordéin on his excavations at 
Tara, Co. Meath. His recent untimely death neces- 
sitates another choice. In passing, one may pay 
tribute to one of the most outstanding of Dublin 
scientists. He will be a great loss to his University 
and to scientific activities in Ireland. He will not 
quickly be forgotten by all who knew him as a 
scientist and as a friend. [See also p. 1053 of this issue.] 

Mr. G. F. Mitchell, lecturer in Irish archxology, 
Trinity College, Dublin, has kindly agreed to give 
the second disvourse. His subject will be “Ireland in 
Antiquity : the Chronological Background”. 

Ireland is an agricultural country, so it has been 
the policy of the organizers of the Dublin meeting to 
ensure that a number of the discussions should refer 
to agriculture and kindred sciences. The following 
extract from the sectional topics will illustrate this 
emphasis: Section B, chemistry in the service of 
agriculture; Section F, agricultural economies ; 
Section G, agricultural engineering; Section H, 
ancient agriculture in Ireland and North-West 
Europe; Section I, the infant animal; Section M, 
land utilization in Eire; agricultural use of peat- 
land ; Irish agriculture (with special reference to its 
interdependence on British agriculture). There will 
be, too, an exhibition related to agricultural science 
in the Great Hall of University College. 

Other subjects of special Irish interest are included 
in the programme. We have, for example: Irish 
folk-life ; the present state of folk-lore studies in Great 
Britain and Ireland ; the making of the Irish people ; 
economic development in Ireland. While there is an 
emphasis on topics of Irish interest, nevertheless 
the variety of material which characterizes all 
meetings of the Association will be obvious when 
the list of subjects to be discussed is considered as 
@ whole. 

As usual at the annual meetings, religious services 
will take place on the Sunday (September 8). Mass will 
be celebrated in the University Church, St. Stephen’s 
Green ; Divine Service will be held in St. Patrick’s 
Cathedral. Other churches will also have special 
services. 

The agricultural science exhibition has been 
mentioned. Exhibitions relating to the history of 
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chemistry in Ireland and of atomic models will be on 
view in the Department of Chemistry, University 
College. In Trinity College there will be a display of 
books and manuscripts illustrating the history of 
science. This will include the works of Sir William 
Hamilton (1805-65), and of Prof. John Joly (1857— 
1933), the centenary of whose birth occurs this year. 
The manuscripts and equipment of the Rev. Dr. 
Nicholas Callan (1799-1864) will be shown at St. 
Patrick’s College, Maynooth. There will be continuous 
projection of scientific films in the Aula Maxima of 
University College in Newman House, St. Stephen’s 
Green, on most days of the meeting. A film illus- 
trating some of the distinguished work on the chemo- 
therapy of tuberculosis carried out under the direction 
of Dr. Vincent Barry in the laboratories of the 
Medical Research Council of Ireland will also be 
shown. 

Dublin being a tourist city, the problem of housing 
visitors to the meeting has presented no special 
difficulty. The organizers have had the benefit of the 
skilled help of Bord Failte Kireann (The Irish Tourist 
Board). A wide range of accommodation is available 
in hotels and guest-houses. For young people, lodging 
is provided in university halls of residence and similar 
establishments. 

The social functions include receptions by His 
Excellency the President of Ireland, by the Govern- 
ment of the Republic, and by His Grace the Most 
Rev. John Charles McQuaid, Archbishop of Dublin. 
Messrs. Arthur Guinness, Son and Co., Ltd., and the 
Council of the Royal Zoological Society of Ireland 
will give a garden party in the grounds of the Society. 
An orchestral concert by the Radio Eireann Sym- 
phony Orchestra has been arranged for the Sunday 
evening. 

Some hundred general and sectional excursions 
have been planned. These include visits to regions of 
Ireland of scenic, historical, archeological, botanical 
and geological interest. There will be a pre-meeting 
geological tour (seven days, Dublin—Lisdoonvarna— 
Kilkee—Ennis—W aterford—Wexford—Dublin) and three 
post-meeting excursions; geological (three days, 
Dublin-—Wexford—Waterford—Dublin) ; geographical 
(four days, Dublin—Cork—Killarney-Dublin); and 
botanical (three days, Dublin—Sligo-Connemara—Co. 
Clare—Dublin). 

A volume similar in format to the ‘scientific 
regional surveys’ of the past few years, but differing 
somewhat in its scope, will be presented to members 
attending the meeting. It has been edited jointly by 
Mr. J. Meenan and Prof. D. A. Webb. Its title, “‘A 
View of Ireland’’, indicates the fact that the con- 
tributors do not confine their attention to the 
immediate neighbourhood of Dublin ; and emphasis 
has been laid throughout on those features likely to 
interest the scientific visitor in which Ireland differs 
notably from Great Britain. The contributions from 
twenty-four authors are arranged in twelve chapters, 
namely, physiography, geology, botany, zoology, 
inland fisheries, economic structure, agriculture, peat, 
archeology, local traditions, the Irish language, and 
the City of Dublin. The book will be illustrated by 
seventeen photographic plates as well as by maps 
and diagrams. 

Although forty-nine years have elapsed since the 
previous meeting in Dublin, there will be present in 
September next some who attended in 1908. Among 
these will be An Taoiseach (the Prime Minister), Mr. 
Eamonn de Valera, T.D., who is a vice-president for 
the meeting. Much can happen in half a century. 
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Since 1908 Mr. de Valera has been condemned to 
death by a British court, escaped from a British 
prison, and held office as a Prime Minister of a 
Commonwealth country. Time and science are good 
solvents of human differences. Again, three young 
chemists, H. F. Coward, Robert Robinson and John 
Simonsen, came to Dublin in 1908 and pitched their 
tent in Raheny, then a rural village outside the city, 
and cycled each day to the meeting. All were destined 
for fame. Coward became director of the Safety in 
Mines Research Station and the others were elected 
to the Royal Society and received the honour of 
knighthood ; Sir Robert Robinson is a Nobel laureate 
and a past-president of the Royal Society. Sir John 
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Simonsen had looked forward to coming to Dublin 
in September, but it was not to be. Sir Robert 
Robinson will make the journey. He is organizing 
on behalf of Section B a symposium on the ‘‘Biv- 
genesis of Plant Products’’. 

It has been the aim of the organizers, while main- 
taining the traditions of the British Association, to 
give the Dublin meeting something of an Irish 
flavour. In the years since 1835 traditional Irish 
hospitality and friendliness have not altered. It is 
hoped that the 1957 meeting in Dublin will be a 
memorable one, and that the overseas visitors will 
return to their homes with happy memories of a 
rewarding stay in Ireland. 


OBITUARIES 


Prof. S. J. Shand 


S. J. SHanp died on April 19 at Broughty Ferry in 
Angus at the age of seventy-four. He was grounded 
.in chemistry and geology by Walker and Jehu, 
respectively, while an undergraduate at University 
College, Dundee (University of St. Andrews), and he 
continued postgraduate studies during 1905-6 under 
Busz at Minster in Germany. Here, by chance, he 
commenced to work on specimens from the curious 
igneous complex near Loch Borrolan in Assynt. The 
particular problems confronting him in this task 
provided two lines of research which he continued to 
pursue throughout his life. One was that the principle 
of saturation with respect to silica as shown by 
rock-forming minerals is of fundamental importance 
in petrological classification, and the other that the 
genesis of felspathoidal rocks depends upon changes 
resulting from the asgimilation of limestone by 
granitic magma. 

The classification of volcanic rocks was much 
debated in the early part of the century and it was 
in 1913 that Shand enunciated his views. After 
lively controversy with Alexander Scott during the 
next few years, he incorporated some aspects 
advocated by Prof. Arthur Holmes and emphasized 
the mineral response made to the amount of alum- 
inium present in a rock. Thus he developed a com- 
plete working plan for classification in his book, 
“‘Eruptive Rocks”, which appeared in 1927. Recast 
and modified in further editions, this philosophical 
book has served and satisfied a generation of students 
in Europe and North America. 

Shand’s studies in Assynt had led him to believe 
that assimilation of limestone was probably respons- 
ible for the formation of the nepheline-bearing rocks 
in this area. Therefore, when Daly in 1910 pro- 
pounded the hypothesis of desilication of a felspathic 
magma by reaction with limestone, Shand at once 
became a disciple. He never would abandon hope of 
finding an adequate body of limestone in the vicinity 
of each nepheline rock complex. During his twenty- 
six years as professor of geology in the University of 
Stellenbosch, he examined and described several 
South African foyaites where limestone is associated. 

After he graduated at Miinster in 1906, Shand had 
five years as assistant in the Geological Department 
of the Royal Scottish Museum in Edinburgh, and was 

the author of two ‘guides’, really small text-books 
on mineralogy and petrography, which sold at the 





price of one penny each, an achievement which he 
was amused to recall in later life. During leave from 
Stellenbosch during 1916-19 Shand was commis- 
sioned in the Royal Engineers and served in Meso- 
potamia. After the armistice in 1918 he was seconded 
to the Anglo-Persian Oil Co., Ltd., and under its 
zegis he did some exploration survey in Baluchistan 
and Khuzistan. For a time he was resident geologist 
at Maidan-i-Naftun on the Masjid-i-Sulaiman oil- 
field. In 1919 he first established by microscopic 
comparison of well-cuttings and the rock from the 
type locality that the Asmari Limestone was, in fact, 
the main reservoir formation, thereby settling a con- 
troversy of many years standing and solving a 
problem of immense economic importance. 

The third phase in Shand’s life commenced in 
1937, when as a professor at Columbia University in 
New York he had access to an excellent library and 
contacts galore with geologists and petrologists of 
many nations. As a result, he wrote a succession of 
provocative and neat petrological papers and pre- 
pared revised editions of his four books. His wife’s 
death in 1947 was a blow from which he never fully 
recovered, and it eventually caused him to resign 
from his post in New York. He returned to Scotland 
in 1950, where he wrote his last book, ‘‘Rocks for 
Chemists”, an invitation to chemists to scan the 
domain of voleanic rocks. 

Shand was apt to appear aloof. Probably this 
developed as a result of prolonged isolation at 
Stellenbosch, which was partly due to the disapproval 
incurred when he gave a lecture on the Deluge, in 
which he followed the outline of this event as told 
by Suess in the “Face of the Earth’. He thereby 
shocked orthodox opinion of many local members of 
the Dutch Reformed Church. Nevertheless, he could 
always be depended upon to take part with gusto in 
any discussion on rocks, recent plays, Rugby foot- 
ball, Gaelic or Mary Queen of Scots. As a student 
he served on the Students’ Representative Council at 
St. Andrews. He was the producer of plays, and of 
many Gilbert and Sullivan operas given by the 
students at Stellenbosch, and on occasion he travelled 
as manager of that University’s Rugby fifteen. 
Particular about his dress, precise in his speech, 
lucid in his written works, he will be remembered 
with gratitude by many former students as a stimu- 
lating teacher, always ready and able to give 
unlimited and willing help. J. V. HARRISON 
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Prof, Sean P. © Riordain 


By the death on April 11 of Prof. Sean P. 6 
Riordéin at the premature age of fifty-two, arche- 
ology has lost its most brilliant Irish exponent, and 
his colleagues have lost an admired and trusted friend. 
Sean O Rfordéin was educated at a primary school, 
and first trained as a primary school teacher. His 
interest in archeology took him as an evening student 
to University College, Cork, where he was encouraged 
by the late Canon Power, who did much for archx- 
ology in Munster. From Cork, 6 Riordéin gained 
both the coveted travelling scholarship of his 
University and @ position in the National Museum 
in Dublin, where the late Adolph Mahr was gal- 
vanizing the Antiquities Division into a new life. 
Museum study and travel abroad led to his important 
monograph on the halberd in Ireland and western 
Europe. 

Canon Power's death brought O Riorddéin back to 
Cork as professor, and at Cush he organized his first 
large-scale excavation. Here he put a very early 
date on the Irish ring-fort, and it was characteristic 
that he would never accept criticism of his dating, 
but rather sought out other sites where support for 
his view might be found. He then turned to Lough 
Gur, where his work, which ultimately extended to 
eighteen seasons, soon received international recog- 
nition. He was always prompt in publication, and a 
series of papers ranging from Neolithic to Viking times 
added enormously to knowledge of early Ireland. 

6 Rfordéin succeeded Macalister in University 
College, Dublin, in 1943, and as chairman of the 
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New Chair at the College of Aeronautics: 
Prof. A. J. Kennedy 
THE increasing importance of materials in aero- 
nautical design and propulsion, as well as in structures 
generally, has led the College of Aeronautics at 
Cranfield to reconsider the place of this subject in 
the teaching of the College. As a first step in ad- 
vancing both the level of mstruction and the nature 
and extent of the research work, particularly in the 
field of fundamental physical metallurgy, a professor- 
ship of materials and metallurgy has been created. 
Dr. A. J. Kennedy, formerly head of the Metal 
Physics Section of the British Iron and Steel Research 
Association, has now been appointed to this new 

ost. 

5 Dr. Kennedy, who is thirty-five years of age, 
graduated from University College, London, in 
physics in 1943. He was commissioned in the Royal 
Signals in 1944, serving as a staff major in tele- 
communications from 1945 until his demobilization 
in 1947. Returning to University College, he lectured 
in the Physics Department there until 1950, when, 
on being awarded a Ph.D. for his researches on the 
creep and recovery properties of metals, he went to 
the Royal Institution as a Research Fellow. A year 
later he was awarded the Royal Society Armourers’ 
and Brasiers’ research fellowship in metallurgy, a 
post he held until he joined the British Iron and 
Steel Research Association in 1954. During this 
period, Dr. Kennedy was able to extend his interests 
to a more general consideration of the problems of 
deformation and fatigue under complex stress and 
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National Monuments Council, and president of the 
Royal Society of Antiquaries of Ireland, became 
recognized as the doyen of Irish archzologists. In 
1952 he started to excavate at Tara, begmning in 
the already disturbed Rath of the Synods, and pro- 
ceeding to the Mound of the Hostages. Here he 
found Middle Bronze Age material immediately 
below the sod, and was able to show that the sanctity 
of the site did not begin in the Iron Age, but was as 
old as that of Avebury and Stonehenge. The mound 
had a deep rind of clay which yielded several rich 
burials, and below the clay a cairn of stone, 
containing an intact passage-grave of Newgrange 
type. 

Few deaths can have been more cruel. Though 
exhausted and already seriously ill; O Riordéin 
carried on to the end of the 1956 season, by which 
time the decorated passage was partly cleared, and 
he could look into the chamber, still full of cremated 
bone. Now his colleagues must finish his task to his 
standards. Having worked with van Giffin and 
Wheeler, his excavation standards were high. Full 
of nervous energy, he sometimes forced the pace for 
his colleagues and his helpers. But if he forced 
others, he did not spare himself. Few of those who 
saw his last television appearance realized that he 
had come from a nursing-home, to which he was to 
return immediately for a serious operation. Segn 
O Riordéin advanced archzology by teaching, by 
writing and broadcasting, and above all by excava- 
tion. His death is a grave loss to scholarship in 
Europe. G. F. Mrrone. 


d VIEWS 


temperature conditions and to develop electrical 
analogue methods for the solution of special cases. 
His more recent work on the interaction between 
the creep and fatigue processes, and the early 
detection of fatigue damage, has yielded. results of 
considerable theoretical and technological significance. 


British Welding Research Association : 
Dr. R. Weck 


Dr. RicharD WeEcK has been appointed director 
of research at the British Welding Research Associa- 
tion, in succession to Dr. H. G. Taylor, who goes as 
director to the Electrical Research Association (see 
«Nature, 179, 290; 1957). Weck was educated in 
Prague and took his degree in civil engineering in 
1936 at the University there. He came to England 
at the end of 1938. After four years experience in 
British industry, he was appointed to the staff of 
the Welding Research Council in 1943, acting as 
editor of the Institute of Welding “Handbook on 
Structural Steelwork”. In 1944 he became a 
research student at Cambridge working in the 
Engineering Department on the problems presented 
by the catastrophic failure of the wartime all-welded 
Liberty ships. Weck dealt with the effect of residual 
stresses, and the result of his research was published 
by the Admiralty in 1950. He was awarded the 
Ph.D. degree in 1948. He returned to the British 
Welding Research Association, which had been 
founded in 1946 from the Welding Research Council, 
and played a prominent part in setting up a fatigue 
laboratory. In 1951 he returned as a university 
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lecturer to the Engineering Department at Cambridge, 
where he was in charge of the newly established post- 

uate course of instruction im structures and 
materials. This course is of nine months duration 
and is designed to introduce men with industrial 
experience to the latest developments, in particular 
to plastic methods of design and the application of 
welding generally. ‘The course was an innovation in 
Cambridge engineering teaching and its continued 
success owes much to Dr. Weck’s enthusiasm. He 
carried on at Cambridge his research into fatigue, 
particularly of welded structures, and again built 
up a@ fine fatigue laboratory. He has done much, 
by lecturing and advice, to further the use of welding 
by British industry. 


Chemistry at the University College of the West 
Indies : Prof. L. J. Haynes 


Dr. L. J. Haynes, who has been appointed to 
succeed Prof. C. H. Hassall (see Nature, 178, 521; 
1956) in the chair of chemistry in the University 
College of the West Indies, received his early 
education at Sir Joseph Williamson’s Mathematical 
School, Rochester. He then studied in the Chem- 
istry De ent of the Imperial College of Science 
dnd Technology, undertaking, after graduation, 
research work with Sir Ian Heilbron and Dr. 
E. R. H. Jones on the synthesis of unsaturated 
lactones from acetylenic intermediates. In 1946 he 
joined Sir Alexander Todd’s laboratory at Cam- 
bridge, where he studied the chemistry of nucleotides 
and particularly the synthesis of coenzyme I. 
In 1952 he was appointed to a lectureship in the 
University of Edinburgh and there he has undertaken 
a detailed study of the chemistry of the tetronic 
acids, a group of unsaturated lactones which present 
many interesting theoretical problems. He has also 
been interested in the investigation of natural 
products, partly in conjunction with the Colonial 
Products Council and partly in collaboration with 
the Forest Products Kesearch Laboratory of the 
Department of Scientific and Industrial Nesearch. 
This interest in the chemistry of natural products 
Dr. Haynes hopes to pursue in his new sphere, where 
many materials are to be found of the types which 
have specially interested him. During his period in 
Edinburgh, Dr. Haynes has been particularly inter- 
ested in the development of teaching methods and 
in co-operation between schools and universities. He 
leaves to take up his new appointment at the begin- 


ning of August. 


Science Museum : New Electric Power Collection * 


THE opening of the new Electric Power Gallery at 
the Science Museum, South Kensington, by the 
Minister of Education, on May 20, marks the cul- 
mination of several years close co-operation between 
the Science Museum and the electrical industry, 
working through the Exhibitions Committee of the 
Institution of Electrical Engineers. The new Col- 
lection covers an area of 12,0UU sq. ft. and the cost of 
its development, about £75,000, has been borne in 
approximately equal shares by the Government, 
through services performed by the Ministry of Works 
in the building, decorating and furnishing of the 
gallery ; by the electrical supply industry, mainly 
through the Central Electricity Authority ; and by 
the electrical manufacturers, mainly through the 
British Electrical and Allied Manufacturers’ and the 
Cable Makers’ Associations. 
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The visitor reaches the new gallery after passing 
through the collection dealing with the primary 
sources of energy and their application to man’s use, 
to which the Electric Power Collection forms a 
natural continuation, since it shows the conversion 
of the energy from these sources into a form in which 
it can be conveniently distributed for use wherever 
it is needed. The Collection portrays the growth of 
the electric power industry, from its origin in the 
discoveries of the early nineteenth century. The 
earlier development is illustrated by many important 
original pieces of apparatus and machines, selected 
from the wealth of historical material collected by 
the Museum over the years, supplemented by models 
and dioramas. For example, forming a fitting intro- 
duction, there is a working reproduction of Faraday’s 
original apparatus, of 1831, with which he demon- 
strated the contiuous production of an electric 
current. Modern practice is dealt with in a logical 
sequence covering generation (this includes an 
exhibit on nuclear power), transformation, trans- 
mission, distribution and utilization. 


British Co-operation in Research in Europe 


In an answer on May 14 to a question in the House 
of Commons regarding the participation of the 
Department of Scientific and Industrial Research in 
the Dutch experiment for de-salting sea water, Mr. 
H. Nichols, Parliamentary Secretary to the Mini 
of Works, as representing the Lord President of 
the Council, said that the Department provided the 
United Kingdom representative on the international 
steering committee which co-ordinated research in 
the Netherlands on de-salting brackish and sea water 
and had contributed about £4,700 in each of the past 
two financial years. The Department had participated 
fully in the research and would have a full share in 
all the benefits accruing from the experiments. 

Replying to a further question, about co-operation 
in research activities with the Organization for 
European Economic Co-operation, Mr. Nichols said 
that the United Kingdom had frequently suggested 
research activities in which other members of the 
Organization might co-operate, and where the 
research could appropriately be carried out by a 
United Kingdom research organization or as part of 
a british research programme. Schemes of this type 
had resulted, and when the project was likely to 
lead to patentable results, a clause concerning patent 
rights and their exploitation was included in the 
agreement between the participating organizations. 
Topics covered by such activities mentioned by Mr. 
Nichols included food and agriculture, building, 
nuclear energy, business management, economic and 
human factors, technical information and trade union 
programmes. 


Spectrochimica Acta 

THE changing emphasis in spectroscopy during the 
past ten years and especially the vast increase in 
the number of measurements on molecular spectra 
of many kinds have necessitated a considerable widen- 
ing in scope and reorganization of operation of the 
international journal, Spectrochimica Acta. ‘The 
journal, which used to be mainly directed to problems 
of atomic emission spectroscopy and spectrographic 
analysis, will now refiect the impact upon chemistry, 
whether organic or physical, of molecular spectro- 
scopy ; at the same time problems of atomic emission 
wili continue to be fully treated. Commencing with 
Volume 9 (March 1957), Spectrochimica Acta will be 
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published with four, instead of six, issues per volume, 
but will contain the same number of pages per 
volume as formerly. It is hoped to publish the issues 
at monthly intervals and with this increased rate 
of publication to make possible rapid publication of 
papers, short research notes, up-to-date reports on 
spectroscopic meetings and items of general interest 
to spectroscopists. The editorial and editorial 
advisory boards have been reconstituted and the 
editors are now Mr. E. H. 8. van Someren and Dr. 
H. W. Thompson (United Kingdom) and Drs. V. A. 
Fassel and F. A. Miller (United States). 


Imperial Chemical Industries Transfer Scholarships 
cheme Extended 

Imperial Chemical Industries is to extend its trans- 
fer scholarships scheme and has offered three new 
scholarships to each of the Universities of Bristol, 
Birmingham and Sheffield. These new scholarships 
will be available for the academic year 1957/58. 
The transfer scholarships scheme, first announced in 
March 1956 (see Nature, 177, 606 ; 1956), is designed 
to open the door to an honours course in various 
pure and applied sciences to able young men who 
have not specialized in science subjects at school but 
who wish to change over to science at a university. 
The collaborating universities have agreed to provide 
appropriate transfer courses and the Imperial 
Chemical Industries scholarships finance the students 
during the necessary additional university year, no 
account being taken of parents’ income. The scheme 
has, until now, included the University of Cam- 
bridge ; the Imperial College of Science and Tech- 
nology, London; King’s College, Newcastle upon 
Tyne (University of Durham); the University of 
Liverpool; and the University of Oxford. Some 


fifty scholarships were made available last year, 
their value being based on State Scholarship rates. 
Further particulars can be obtained from the regis- 
trars or bursars of the universities concerned. 


The Professional Engineers Appointments Bureau 

Txe Professional Engineers Appointments Bureau, 
of 9 Victoria Street, London, 8.W.1, in its report for 
1956 continues to provide evidence of the unabated 
demand for technological man-power. An interesting 
feature of the work during the year has been the 
increasing number of Canadian and American firms 
using the Bureau’s service. It is not, however, the 
policy of these firms to recruit engineers from Britain 
whose experience can be described as general, and an 
appointment is unlikely to result where the experience 
of a candidate is not in some specialized field of 
engineering. More engineers appear to want to 
emigrate to Canada, the Rhodesias and other 
Commonwealth countries. Despite a decrease in the 
number of engineers registering with the Bureau, 
those placed in 1956 increased. The number of 
vacancies notified did not fluctuate appreciably, but 
a larger proportion was for senior administrative 
posts. The more senior appointments now attract a 
reasonable selection of qualified applicants, which 
suggests larger numbers of more experienced engineers 
are considering changing their posts than a year ago. 
Average salaries of successful placings were higher 
than for previous years, and it is now difficult to 
find sufficient candidates from those registered who 
are seeking salaries much below £800 per annum, 
compared with past years, when it was relatively 
simple to fill the junior posts. Employers and 
engineers have found the Bureau particularly useful 
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in obtaining information on the current position of 
employment, whether it be the supply of, or demand 
for, members of the Institutions of Civil, of Mechanical 
or of Electrical Engineers. The Bureau offers facilities 
to members, graduates and students of these Institu- 
tions who are contemplating a change of post, and 
to employers wishing to fill a vacancy. 


Queen Victoria Museum and Art Gallery, Launces- 

ton 

THE annual report for 1955-56 of the Queen Vic- 
toria Museum and Art Gallery, Launceston, Tas- 
mania (pp. 8; 1957), states that the director, Mr. W. F. 
Ellis, spent a month at an archzological excavation 
on an aboriginal shelter in South Australia. He was 
also present when a previously unknown aboriginal 
petroglyph site on the west coast of Tasmania was 
investigated. The essential nature of this type of 
activity for museums can scarcely be over-estimated. 
A display entitled ‘‘Bauxite to Aluminium’’ is typical 
of the modern outlook of this Museum, as is also the 
impressive list of publications by the staff which is 
included in this report. 


Australian Mathematical Society 


Tue Australian Mathematical Society was founded 
at a meeting of more than one hundred mathe- 
maticians from all parts of Australia, held in Mel- 
bourne during August 1956. Papers were read on a 
wide range of subjects in pure and applied mathe- 
matics and statistics, and the general principles 
of the constitution of the Society were laid down. 
The following officers were elected: President, Prof. 
T. M. Cherry; Treasurer, Prof. C. H. Davis; 
General Secretary, Mr. P. J. Ryan; Secretary (Pub- 
lications), Prof. T. G. Room. Some half-dozen visitors 
from overseas were present, among them Prof. A. W. 
Tucker, of Princeton University, who, from his 
experience with the American Mathematical Society 
and the Canadian Journal of Mathematics, was able 
to contribute much to the clarification of thought on 
the constitution and publications. One of the main 
objects of the Society is the publication of an Aus- 
tralian Journal of Mathematics. There will be no 
technical difficulty in having the journal printed in . 
Australia, and there is no likelihood of any shortage 
of contributors of adequate standing. Steps are being . 
taken to secure the n financial support. The ., 
second meeting of the Society will be held in the - 
University of Sydney during August 28-31. : 


Molluscan Anatomy for Parasitologists 

‘Know your species’ is a requirement of supreme 
importance to those concerned with the control of 
animal hosts of parasitic infections. The difficulty 
of identifying molluscan intermediate hosts from 
conchological data alone has led to the production of . 
@ short “Guide to Molluscan Anatomy for Parasito- 
logists in Africa’ by Dr. C. A. Wright (pp. 20. | 
London: British Museum (Natural History), 1957. 
ls. 6d. net). Dr. Wright gives clear and simple 
directions for the preparation and dissection of three 
kinds of snail hosts from that continent, dealing 
chiefly with the digestive and reproductive systems, 
illustrated by competent diagrams. He warns dis- 
sectors, however, that they should obtain corrobora- 
tion of their identifications from the literature as 
well as from a malacologist. A list of references is 
given, and the conchological key to the families of 
African gastropods by Alves and Clarke is recom- 
mended. The malacologist will help and advise the 
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field worker in his identification, but the field worker 
can also help the malacologist. He can send him 
well-preserved specimens, but above all, he can 
assist by ing notes on the ecology and repro- 
ductive condition of the snails, relative to their 
infection by parasites. It is suspected that there is 
some diréct connexion between the state of the 
accessory genital glands and susceptibility to in- 
fection. 


Zoological Nomenclature 

THe International Commission on Zoological 
Nomenclature gives notice that as from November 6, 
1957, it will start voting on the following cases 
involving the possible use of its plenary powers for 
the purposes specified. Full details were published 
on May 6 in the Bulletin of Zoological Nomenclature 
(13, Part 5): (1) squilla Linneus, 1758 (Cancer), 
suppression ; adspersus Rathke, 1837 (Palaemon), 
designation of, as type species of Palaemon Weber, 
1795 (Cl. Crustacea, Order Decapoda); (2) Dracun- 
culus Reichard, 1759, validation of, with Gordius 
medinensis Linnzus, 1758, as type species (Cl. 
Nematoda); (3) Mansonia Blanchard, 1901 (Cl. 
Insecta, Order Diptera), validation. Comments 
should be sent as soon as possible and in duplicate 
to Francis Hemming, Secretary to the Commission, 
28 Park Village East, Regent’s Park, London, N.W.1. 


Fruit Sap and Seed Germination 


A. GARRARD has observed that when the seeds of 
Fagraea fragrans are removed from their berries, 
washed, dried and placed on a moist medium, they do 
not germinate ; but germination can be obtained if 
the whole berry is squashed into the soil, suggesting 
that the fruit sap contains some substance essential 
for germination. The relationship of sap-to seed 
germination in a number of succulent fruits was 
accordingly investigated, with the following results 
(Gardens’ Bull., Smgapore, 15, 276; 1956). If a 
diluted extract of the berry sap of Fagraea fragrans 
is added to seeds, there is a 90-96 per cent germina- 
tion in 12-14 days. The ‘active principle’ causing 
germination is filterable and thermostable at 100° C. 
Its effect is not due to its hydrogen-ion concentration 
or to its action as an auxin. Germination can also 
be effected in washed dried seed by refrigeration at 
10° C. at periods of 1-21 days prior to the germination 
test. Ten-day-old seed will germinate if supplied 
with ten-day-old berry sap which has been auto- 
claved and stored ; or if refrigerated prior to testing. 
The washed dried seeds of Muntingia calabura L. give 
61-5 per cent germination on filter paper in distilled 
water when fully ripe; but this germination is 
inhibited by sap extracts from its own fruit. The 
germination of the seed of Melastoma malabathricum 
L. is unaffected by sap extracts from its own fruit. 
The germination of the seed of Duranta plumieri 
Jacq. is inhibited by berry extracts at high concen- 
trations but unaffected at lower concentrations. 
From the effect of alien sap on seed germination the 
author considers that it is likely that the active prin- 
ciple affecting the germination of these seeds is the 
same in all cases. 


Sitka Spruce jn British Columbia 

Mr. W. R. Day, of the Imperial Forestry Institute, 
Oxford, paid a visit to British Columbia to study the 
Sitka spruce, growing in mixture with associated 
species in the forests in part of Graham Island and 
around Terrace in the watershed of the Skeena 
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River. His report is published in Forestry Com- 
mission’s Bulletin No. 28 (London: H.M. Stationery 
Office, 1957. 20s. net). Sitka spruce has formed one 
of the chief components of the new forests of Britain. 
The work in British Columbia on which the report is 
based is the result of interest in the development of 
Sitka spruce in the British plantations stimulated by 
@ variety of problems in which its susceptibility to 
disease, whether of a non-parasitic or parasitic 
nature, necessitated attention to the environmental 
factors which determine the manner of its growth. 
The problems raised compelled attention to con- 
ditions of soil, or of climate, as often basically 
determining the presence or absence of disease, rate 
of growth, quality of wood made or length of time 
on which the rate of growth was likely to be efficient 
whether from a biological or an economic point of 
view. One of the difficulties in Britain, where exotic 
species are chiefly being used in afforestation, is that 
there is little to indicate the future development of 
any of the species under conditions differing from 
those in its native habitat. It was to obtain such 
information in connexion with the Sitka spruce that 
Mr. Day undertook the study made of the species in 
British Columbia. His valuable monograph should 
prove of use to foresters and botanists alike. 


Leverhulme Research Awards, 1957 


Tue Leverhulme Trustees have approved the fol- 
lowing fellowships and research grants, among others, 
tenable for periods up to two years, the subject of 
study being indicated in parentheses. Fellowships : 
Prof. H. T. 8. Britton, professor of chemistry, 
University of Exeter (applications of physico-chemical 
methods to investigations in inorganic chemistry) ; 
W. C. Kneale, fellow and lecturer in philosophy, 
Exeter College, University of Oxford (the develop- 
ment of logic). Research Grants: R. M. Appleby, 
lecturer in paleontology, University College of 
Wales, Cardiff (the taxonomy, evolution and affinities 
of the British ichthyosaurs); Miss B. de Cardi, 
assistant secretary, Council for British Archeology 
(archzological excavations in Baluchistan); R. H. 
Litherland, headmaster, School of Art, Royal Tech- 
nical College, Salford (methods of teaching engineering 
design zsthetics) ; Dr. T. Malkin, reader in organic 
chemistry, University of Bristol (to study facilities 
for oil and fat research in Europe) ; B. A. O. Randall, 
lecturer in geology, King’s College, University of 
Durham (geology of the Lyngen Peninsula, Northern 
Norway) ; A. W. Reece, senior geologist, Exploration 
Department, Northern Mining Company, Copen- 
hagen (the structure and stratigraphy of N.W. 
Ankole, Uganda); Dr. J. Smart, lecturer in zoology, 
University of Cambridge (a study of the black flies 
of New Guinea and neighbouring lands); J. A. 
Taylor, lecturer in geography, University College of 
Wales, Aberystwyth (a systematic analysis of the 
geography of British farming). 


Beit Memorial Fellowships for Medical Research 

Tue Trustees of the Beit Memorial Fellowships for 
Medical Research in their report for 1956—57 
announce that Viscount Hailsham has been elected to 
the Board of Trustees in succession to Lord Simonds. 
Prof. J. H. Gaddum has been elected to the chair- 
manship of the Advisory Board in succession to Sir 
Rudolph Peters, who has resigned after eighteen 
years membership of the Board. Prof. R. H. S. 
Thompson has been elected in his place as a member 
of the Advisory Board. 
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The following Beit Memorial Fellowships for 
Medical Research have been awarded for work at the 
places indicated. Fourth Year Fellowships (£1,000) : 
Dr. B. T. Donovan, to study the hypothalamic 
mechanisms underlying the regulation of the onset 
of puberty and the mechanisms regulating the onset 
of estrus (Institute of Psychiatry, Maudsley Hos- 
pital, London); Dr. D. 8. H. W. Nicol, to continue 
his investigations of the chemistry and pharmacology 
of peptide fractions of insulin (Dunn Institute of 
Biochemistry, University of Cambridge). Junior 
Fellowships (£800 a year): Dr. G. A. J. Goodlad, to 
study the effect of the presence of a tumour on the 
protein metabolism of the host (Department of Bio- 
chemistry, University of Glasgow); I. Oswald, for 
human electroencephalographic studies of the role of 
the emotional significance of conditioned stimuli in 
determining their arousal value during sleep, and the 
mechanism of inhibition of responses to them (In- 
stitute of Experimental Psychology, Oxford) ; I. C. 
Roddie, to study the role of high- and low-pressure 
receptors of the vascular system in the regulation o 
the human circulation (Department of Physiology, 
Queen’s University, Belfast); Dr. S. Varadarajan, 
for @ comparative study of nucleotide metabolism in 
cancerous and normal tissue (Department of Radio- 
therapeutics, University of Cambridge) ; Dr. Pauline 
M. Meadow, to study the structure and mode of 
synthesis of bacterial cell walls, with special reference 
to their amino-acid and amino-sugar components 
(Department of Biochemistry, University College, 
London). 


International Conference on Radio-lsotopes in 

Scientific Research 

AN International Conference on Radio-Isotopes in 
Scientific Research will be held in Paris during 
September 9-20. This Conference is being convened 
by Unesco, after consultation with the United 
Nations Secretariat and _ interested specialized 
agencies, in particular the World Health Organiza- 
tion, the United Nations Food and Agriculture 
Organization and the World Meteorological Organ- 
ization. The Conference will be strictly scientific in 
character. Its purpose is to bring together a large 
number of specialists in the various scientific dis- 
ciplines interested in the use of radioisotopes, so that 
they may submit the results of their research and 
exc e information and views on a series of subjects 
in which developments are proceeding at a particu- 
larly rapid pace. ‘The working languages of the 
Conference will be English and French. The records 
of the Conference will be published. Further in- 
formation can be obtained from Unesco, Radio- 
isotopes Conference, 19 avenue Kiéber, Paris 16. 


Safety and Atomic Energy Developments 

In conjunction with the Safety and Factory 
Efficiency (S.A.F.E.) Exhibition, being held in 
Birmingham during June 14-21, and with the 
United Kingdom Atomic Energy Authority, a week- 
end congress is to be organized to discuss safety and 
efficiency aspects of atomic energy, under the chair- 
manship of Dr. P. F. R. Venables. The congress, 
which is to take place at Bingley Hall, Birmingham, 
during June 14~16, will include sessions on ‘“Training 
for Atomics’ (I. Hopkins, chief training officer, 
Industrial Group, United Kingdom Atomic Energy 
Authority); on ‘Isotopes in Industry” (Dr. H. 
Seligman, head of the Isotope Division, Atomic 
Energy Research Establishment, Harwell); on 
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“Health and Safety when using Radioactive 
Materials’’ (A. S. McLean, chief medical officer, 
Industrial Group, United Kingdom Atomic Energy 
Authority); and on “Atomic Reactors” (Dr. J. V. 
Dunworth, head of the Reactor Division, Atomic 
Energy Research Establishment, Harwell). Inquiries 
should be addressed to Mr. W. G. Appleyard, Indus- 
trial Safety Training Centre, 22 Summer Road, 
Acocks Green, Birmingham 27. 


Announcements 

THE autumn meeting of the Institute of Metals 
will be held in Glasgow during September 17-20, by 
invitation of the Scottish local section. 

A MEETING of the Royal Meteorological Society 
will be held in the Department of Natural Philosophy, 
University of Glasgow, during July 3-5. The meeting, 
which is open to all who are interested, without fee, 
will include sessions on ‘Cloud Physics” and on 
“The Problem of Hill Climate”. Accommodation 
may be reserved for members, wives and visitors at 
Queen Margaret Hall, Glasgow. Inquiries should be 
addressed to the Assistant Secretary, Royal Meteor- 
ological Society, 49 Cromwell Road, London, S.W.7, 
not later than June 19. 


A CONFERENCE organized by the Physical Society 
on “Materials for Nuclear Engineering”’ will be held 
at Associated Electrical Industries, Ltd., Alder- 
maston, Berkshire, on July 11 and 12. Non-members 
will be welcome to attend on payment of a conference 
fee of one guinea. Accommodation will be available 
in two halls of residence at the University of Reading. 
Programmes and application forms will be available 
later and all inquiries should be addressed to the 
Physical Society, 1 Lowther Gardens, Prince Consort 
Road, London, 8.W.7, marked for the attention of 
Miss Miles. 


Tue last date for the submission of applications 
to the Foundations’ Fund for Research in Psychiatry 
for research fellowships and research teaching grants 
in psychiatry, psychology, sociology, neurophysiology, 
and other sciences relevant to mental health, is 
October 15. Interested persons and departments 
should write for details to the Foundations’ Fund 
for Research in Psychiatry, 251 Edwards Street, 
New Haven 11, Connecticut. 


THE trustees of the Plastics Industry Education 
Fund invite applications from young men or women 
engaged in the plastics industry for a limited number 
of training grants up to a value of £100 towards the 
cost of a year’s full-time study at an approved course 
leading to a degree, diploma or other equivalent 
qualification in science or engineering, or in indus- 
trial design. Approved courses for full-time study 
include those leading to the associateship of the 
Plastics Institute, intermediate or final B.Sc., or 
Dip. Tech. courses in pure and applied mathematics, 
physics, chemistry or engineering, and diploma 
courses in chemistry, electrical and mechanical 
engineering, and industrial design. Applications for 
Training Grants must be submitted in writing, before 
July 13, to the Secretary to the Council, Plastics 
Institute, 6 Mandeville Place, London, W.1, from 
whom further particulars can be obtained. 


In Nature of May 11, p. 951, the appointment of 
the Duke of Northumberland as chairman of the 
Agricultural Research Council was announced; it 
should have been stated that he takes office on 
July 1, 1958. 
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CHANGING DEMANDS OF MODERN WORK AND CONTROL 


HE breakdown by occupation of-the “One per 

Cent Sample Tables” of the 1951 Census reveals 
that the number is relatively small of people whose 
jobs are likely to be directly affected by the advanced 
mechanization, automatic control methods and 
computer techniques which constitute what is 
currently known as ‘automation’. A more important 
and pervading, if less spectacular, ‘new industrial 
revolution’ is contained in the piecemeal mechaniza- 
tion which has been going on for many years, and 
which must be given attention if the trends in 
modern industrial work are to be seen in true 
perspective. The symposium held by the Ergonomics 
Research Society during April 8-11 at the University 
of Bristol under the title of ‘““The Changing Demands 
of Modern Work and Control” was deliberately aimed 
at covering both automation and this wider field of 
development in manufacturing industry and agri- 
culture. 

The opening speaker, B. H. Dyson (Hoover, Ltd.), 
pointed out that recent developments in industry do 
not depend upon any radically new principles but 
are significant at the present time because of the rate 
of change involved. Their advent has been dependent 
upon technological developments, enabling the attain- 
ment of uniform materials and accurate rapid 
measurement coupled with certain economic factors. 
The main restriction on progress is now likely to lie 
in human factors: machines have taken over many 
human functions, but other sources of strain and 
difficulty remain and may indeed be thrown into 
greater prominence. In former days such human 
difficulties were solved gradually in the course of 
the slow evolution ‘of tools and techniques ; to- day, 
however, their understanding and avoidance in 
advance of building expensive capital equipment are 
an obvious need. 

Mechanization is frequently said to lessen the 
physical load upon the operator but to place increased 
stress on intellectual functions involved in control— 
as one speaker felicitously put it, the operator is 
becoming a “mental craftaman’’. The papers showed 
clearly that both parts of this statement are only 
half-truths. On the physiological side, H. 8. Belding 
(University of Pittsburg) pointed out that, although 
remote controls could remove operators from certain 
very hot working environments, maintenance men 
might be liable to work in even more adverse climatic 
conditions than before. H. Scholz (Max Planck- 
Institut, Dortmund) described a number of examples 
in which mechanization had reduced the physical 
work load, together with other cases where, although 
mechanization had been satisfactory from an engin- 
eering point of view and at first sight also beneficial 
to the worker, closer inspection had shown the 
physical load actually to have been increased. Similar 
results were noted in a study by V. Sundberg and 
N. Lundgren (Stockholm) of forestry work, where 
effort saved by the introduction of mechanical saws 
and winches for dragging logs was more than offset 
by the heavy task of carrying the saws and cables. 

Automatic control devices obviously reduce rather 
than increase the intellectual load upon the operator. 
So also in a sense do all forms of mechanization 
which reduce the number. of physical movements he 


has to make because fewer actions have to be con- 
trolled. Such mechanical devices do, however, often 
impose other kinds of intellectual load which may 
be more burdensome than those they have removed. 
Two important examples were described of devices 
specifically aimed at reducing such intellectual load. 
One, by W. T. Singleton (Boot and Shoe Research 
Association, Kettering), was a control for industrial 
sewing machines designed after laboratory and field 
experiments. The other example was given by A. W. 
Bailey, who described some of the latest work on 
tracking with ‘display quickening’, a form of aiding 
developed at the United States Naval Research 
Laboratory, Washington, and of topical interest as 
offering a possible means of mitigating a class of 
difficult tasks such as that of flying helicopters. 

The papers specifically bearing upon automation 
were all attempts, by those having knowledge of 
automatic plants already installed, to locate and 
define the essential problems of human performance 
connected with their operation for more precise study 
in the future. The fact that emphasis and views 
differed considerably indicates that the full nature 
and variety of such problems are still by no means 
clear. Broad surveys were made by G. C. E. Burger 
(Philips, Eindhoven), A. Lucas (Renault, Bellan- 
court) and the present writer. The first spoke from 
the industrial medical side, and suggested the danger 
of some ill health due to lack of exercise and to the 
minor sickness often associated with dissatisfaction— 
in this case resulting from uncertainty following the 
introduction of radical changes of work methods. 
Lucas laid stress upon possible ‘nervous strain’ and 
upon the adverse effects of isolation when there are 
only a few operators in a large shop, although he 
pointed out that no definite evidence existed upon 
either of these points. 

Most speakers on automation came to either the 
overt or the tacit conclusion that although the war- 
time and post-war Service work on such problems as 
vigilance and dial reading may be of some significance 
for the design of work and equipment in automatic 
plants, there are other factors of greater importance 
which are as yet little studied, and which will require 
fundamental research before the practical problems 
associated with them can be solved. One of the 
principal of these was discussed by E. R. F. W. 
Crossman (University of Reading), who pointed out 
that process workers on existing plants are usually 
able, by knowledge gained from experience, to 
operate them with substantially greater efficiency 
than would otherwise be possible. He suggested 
that although such process work has usually been 
regarded as unskilled, the application of such know- 
ledge does represent, “‘a specific skill based on intuitive 
knowledge of the statistical structure of the display 
provided by the process and of the interaction 
between controls and display’’. This specific skill 
cannot be formally taught, and although it implies 
that the operator has in mind some rudimentary 
conceptual ‘model’ of the process he is controlling, 
it does not depend on accurate conceptual know- 
ledge. 

As reminders that it is difficult to apply automatic 
methods economically to certain processes, especially 
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assembly, inspection and moderately heavy lifting, 
were papers by R. McKenzie (University of Edin- 
burgh) showing how greatly performance of inspection 
work can be improved by suitable training, and by 
R. J. Whitney (University of Oxford) indieating that 
lifting foree depends more upon the possibility of 
balancing the weight to be lifted with the weight of 
the body than upon sheer muscular power. 

Pp the papers as a whole, one can see that 

the application of anatomy, physiology and experi- 
mental psychology to practical problems of human 
work has reached a critical stage. During the later 
1940’s success had been achieved with Service 
problems and ideas of possible industrial application 
were being formulated. Now world-wide interest 
has been aroused, concrete examples of industrial 
application are beginning to emerge, and the approach 
seems likely to become established as an essential 
part of work- and equipment-design. For it to do so 
fully, however, much further research will be needed 
both in industry itself and in the laboratory. In 
this connexion two sessions a little away from the 
main lines of the conference were timely. ‘The first 
was a discussion opened by R. G. Stansfield (Depart- 
ment of Industrial and Scientific Research) on the 
moral responsibilities of the research worker in 
industry, especially in cases when it is necessary for 
the true nature of the investigation to be disguised 
if the results are to be unbiased: stress was laid 
on the need to give full information to representatives 
of the work-people concerned, and to preserve secrecy 
of data about individuals. At the second session 
an account was given by R. M. W. Lund and R. 
Trumbull (Office of Naval Research, Washington) of 
the means employed by the United States Navy to 
sponsor its very large physiological and psychol- 
ogical research programmes. The realistic appraisal 
of the needs and motives of research workers, and 
the recognition of the place of fundamental research 
in relation to applied problems revealed in these 
statements, makes understandable the substantial 
volume of high-quality work which has emerged. 

While the methods of sponsoring research are 
obviously important, a limiting factor in the imme- 
diate future is likely to lie in the obtaining of suitable 
research workers and in their attitude to their work. 
Looking back to the war years it is clear that the 
success achieved then in what has now become 
known as ‘ergonomics’ was due to two factors: 
first, an analytical approach to complex problems 
coupled with careful measurement, and secondly, 
the wide theoretical background brought by the 
research workers from their own disciplines. Since 
that time the former seems to have been well main- 
tained, but both are equally important and for the 
preservation of the latter there are two constant 
needs. The first is to recognize that applicable 
results usually follow a long period of research 
development. The second is to maintain a climate 
of opinion in which a° young man engaged in the 
human biological sciences can feel that serious 
attempts to tackle certain applied problems will 
improve rather than impair his chances of academic 
advancement, and will certainly enrich the ideas he 
brings to the fundamental problems of his own 
subject. 

The conference was attended by some ninety-five 
members and visitors of whom twenty-one came from 
eight countries abroad. The chair at the opening session 
was taken by Sir Philip Morris, vice-chancellor of 
the University of Bristol. A. T. WELFoRD 
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DEVELOPMENTAL PROCESSES 
IN ANIMALS 


HE third in the series of international scientific 

meetings sponsored by the Editorial Board of 
the Journal of Embryology and Experimental Mor- 
phology was held in Cambridge during April 10-13. 
Some one hundred and fifty biologists from sixteen 
countries took part, and only the failure of the 
expected Russian participants to arrive gave any 
ground for disappointment at the international 
representation at the conference. 

It is probably true to say that the session devoted 
to demonstrations of research material, at which 
more than forty lines of work were displayed, provided 
the most comprehensive survey of present trends in 
developmental biology. None the less the main busi- 
ness of the conference was conducted in the sessions 
at which papers were read, and in them many of the 
major interests of contemporary embryology were 
presented for discussion. 

The recrudescence of concern with the problems of 
neural induction in vertebrates was very evident. 
Thus Dr. P. D. Nieuwkoop (Utrecht) produced 
evidence, from explantation experiments, for believing 
that the amphibian neural crest is determined by a 
double process, an initial activation being succeeded 
by a transforming influence from the underlying 
mesoderm. He pointed out that the anterior, 
transverse, part of the neure! fold of the neurula 
normally lies in front of the pre-chordal mesoderm 
and is underlain by endoderm. It does not give 
rise to neural crest derivatives in normogenesis or 
when cultured with ectoderm alone, but they may 
be formed from its cells if it is cultured in the presence 
of mesoderm. 

Prof. T. Yamada (Nagoya) has inade important 
progress in the effort to isolate the components of 
guinea pig liver and kidney responsible for their 
regionally specific inductive effects upon competent 
amphibian ectoderm. His results point very strongly 
to the protein part of pentose nucleoproteins as the 
active fraction, though it has not been possible to 
exclude with certainty the lipids or pentose nucleic 
acid itself. Heat treatment of alcohol-killed bone- 
marrow progressively changes the regional character 
of the structures it will induce. Unheated, it is a 
specific inducer of mesodermal structures, but after 
heat treatment (by steaming), first spinal and then, 
with increase in the duration of treatment, hind 
brain and finally fore brain inductions are obtained. 
This sequence is also the spatial sequence of the 

ptive territories of these tissues in the 
blastula. 

Miss M. Brice (Brussels) reported on the conse- 
quences of dividing urodele blastule and young 
gastrule into two by ligature. Contrary to our earlier 
beliefs, an isolated ventral half-embryo may some- 
times form a centre of invagination and later an 
embryonic axis. The formation of such secondary 
‘dorsal lips’ appears to be associated with the local 
trauma involved in ligaturing. Where embryos are 
formed their polarity and symmetry may be reversed. 
In the young gastrula it is still possible to obtain a 
new marginal zone, nor can the symmeiry of the 
germ be regarded as fully determined. 

The sites of protein synthesis during early embryo- 
genesis in birds and Amphibia have been studied by 
Prof. C. H. Waddington (Edinburgh) by the auto- 
radiographic location of labelled amino-acids. Glycine 
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and methionine are first incorporated in the nuclei 
of the dorsal lip material of the amphibian embryo. 
Later, radioactivity is found in ever more extensive 
regions of the embryo. Adenine is incorporated 
mainly at the margins of nucleoli. Some time after 
nuclear incorporation can be demonstrated labelled 
material is found in the cytoplasm. During embryonic 
induction there is good evidence that labelled 
molecules pass from the nuclei of the inducer into 
the cytoplasm of the cells of the responding tissue. 

Dr. A. Fieq (Brussels) has studied the incorporation 
of labelled amino-acids in the oocytes of amphibians 
at different stages of their growth. In Rana, 
Pleurodeles and Triturus she has been able to demon- 
strate that adenosine triphosphate and purine bases 
are synthesized during the period of oocyte growth, 
adenine being incorporated into the adenosine tri- 
phosphate fraction. Glycine is taken up especially 
actively in the basophilic regions of the cytoplasm 
and it is here that protein synthesis is proceeding in 
the period of yolk formation. 

Several workers described analyses of tissue 
interactions occurring long after primary embryo- 
genesis. Thus Dr. P. Sengel (Paris) has made an 
in vitro study of the development of the saddle tract 
feathers of White Leghorn embryos. Saddle tract 
skin taken from five-day embryos will not form 
feathers when cultured alone, though a variety of 
tissues, alive or dead, may induce it to do so. Skin 
from six- or seven-day embryos will form feathers, 
but only after regulative adaptation of their spatial 
distribution to the geography of the explant. The 
established feather germs from seven- or eight-day 
embryos continue their normal development in 
explants. Dr. Sengel has also shown that an early 
influence of dermis upon epidermis and a subsequent 
reciprocal influence of epidermis upon dermis are 
essential for feather formation. 

Prof. G. V. Lopashov (Moscow), in a paper read 
for him in his absence, reviewed a series of researches 
into the factors controlling the later development of 
the amphibian eye. Among the more important 
factors analysed were the mechanical limitations to 
the ‘spreading’ of the optic vesicle material, the 
influence of the mesenchymal sheath of the eyeball, 
its vascularization and other contacts with body 

“fluids, and with the lens ectoderm. 

Prof. Et. C. Wolff (Paris) has examined the leg-bud 
of the embryo chick for its capacity to regulate after 
the loss of parts and after the addition of extra 
material. Regulation after defects is good, although 
the fibula—normally, of course, semi-vestigial—may 
disappear altogether. Regulation of limb systems 
containing additional material, for example, a whole, 
younger, limb-bud, is also achieved, but in these 
cases the fibula may be well formed, a condition not 
known to have occurred in normal birds since 
Archaeopteryx and Archaeornis of Jurassic times. It 
appears that the normal development of the lower 
leg involves competition for material between tibia 
and fibula and that the tibia dominates except in the 
presence of excess. 

Dr. P. Tschumi (Cambridge) revealed hitherto 

similarities between the mode of 
development of the amphibian limb, or at least the 
hind-limb, of Xenopus, and that of birds. Not only 
is the growth of the limb-bud achieved by apical 
proliferation, but the pattern of differentiation within 
it is under the influence of an ectodermal ridge running 
in @ pre-axial-post-axial direction along its distal 
margin. There is evidence that a marginal vein 
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underlying this ridge is not only produced under its 
influence but is also respensible for mediating its 
control of the limb mesoderm. 

In a theoretical consideration of the problem of 
reversible and irreversible changes in the nuclei of 
somatic cells during differentiation, Dr. M. Fischberg 
(Oxford) pointed out that there is increasing evi- 
dence for the occurrence of irreversible nuclear 
changes. These may also appear in clones of Protozoa. 
He suggested that, in the course of the often con- 
siderable number of chromosome replications neces- 
sary to turn an egg into a metazoan adult, it was 
possible that specific precursors for particular gene 
replications might become exhausted in cells of 
particular types. Thus, by a sort of selective gene 
starvation, the effective nuclear constitution of 
different cells in the body might come to diverge. 

Prof. J. F. Danielli (London) was also concerned 
with events at the level of the cell. He proposed a 
scheme for the minimum requirements of controlling 
systems for the maintenance of the living cell and 
for its division, and discussed the extent to which 
we could be said at the present time to have dis- 
covered the keys to their understanding. While we 
have, in principle, some conception of the control of 
the specificity of molecules elaborated in the cell, 
and of their relative proportions and interactions 
within it, we had still to get to terms with the problem 
presented by organization of intra-cellular structure. 
He suggested that the centres of crystallization in 
super-saturated solutions might have analogues 
serving as sources of information for the elaboration 
of intra-cellular structure. 

Dr. P. Tuft (Edinburgh) has studied the water 
relations of the embryo of Xenopus from pre-blastula 
stages through to hatching. He has shown that the 
well-known hydration of amphibian embryos in their 
early life is not a simple result of uptake of water 
into their cells. On the contrary, most of the water 
absorbed by the whole young embryo passes through 
the surface cells into the embryonic cavities—both 
blastoccele and archenteron. Only after the collapse 
of the archenteron does much water accumulate in the 
cells. Accumulation is throughout less rapid than one 
would predict from the osmotic gradients and surface 
permeability. Although the gradient decreases and 
the permeability remains constant the rate of accumu- 
lation goes up, indicating that the water movement 
is actively controlled. 

Prof. Z. Grodzinski (Krakow) reviewed an extensive 
series of observations on the heart of embryonic 
teleosts. An early phase of peristaltic contraction is 
followed by systolic function under the control of 
pacemakers in the auricle and ventricle. A super- 
numerary pacemaker exists in the ventricle which is 
not represented in the adult heart. The efficiency of 
cardiac muscle is shown to increase with time, and 
the embryonic heart proves to be a remarkably 
accurate thermometer, the pulse-rate varying in 
linear manner with temperature over a wide range. 

Dr. L. Saxén (Helsinki) presented an account of 
the function of the pituitary and thyroid in Xenopus 
during larval life and metamorphosis. Histological 
examination of the pituitary and histological and 
chemical studies of thyroid colloid combine to give a 
consistent picture of events. The colloid content of 
the thyroid drops sharply during metamorphosis, 
although in the pre-metamorphic period iodine is 
being accumulated there. After metamorphosis there 
is @ rise in thyroid iodine, followed by a secondary 
fall. These phases of thyroid activity correspond to 
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changes in nuclear size and cytoplasmic appearance 
in the periodic acid~Schiff—positive cells in the 
pituitary which elaborate thyrotrophic hormone. 

Regeneration in amphibians was the subject of two 
reports. Prof. F. E. Lehmann (Bern) reviewed a 
large body of work on the effects of substances 
inhibiting regeneration in the anuran tail. Many 
substances, including amino-acid analogues and 
colchicine, inhibit regeneration without causing cell 
death. Not all, however, are effective at all periods 
of the regeneration process. Thus colchicine is only 
effective during the period immediately following 
amputation, aminoketones act in the middle phase of 
blastema formation, and imino-benzo-quinones affect 
the later phase of growth and differentiation. Cathep- 
sin activity normally rises during early regeneration, 
to reach a peak after about seven days ; this peak may 
occur later in the presence of certain inhibitors. 
E. M. Deuchar has shown that cathepsin activity 
rises in both blastema and stump, although it is 
higher in the former than the latter. 

Dr. D. R. Newth (London) reported that urodele 
and anuran larve, with tails made defective by the 
earlier removal of presumptive tail material, could 
none the less regenerate normal tails where the plane 
of amputation lay proximal to the defective region. 
Where the plane of amputation passed through a 
part of the tail lacking dorsal or ventral fin the 
regenerate lacked the appropriate fin. Supernumerary 
limbs induced in urodele larve by nasal placode 
were frequently hyper- or hypo-dactylous. On 
amputation they tended to be replaced by more 
nearly normal limbs, although the restoration of 
normality might require a further amputation and 
regeneration. 

The conference owed everything to the presence 
of so many participants from outside Great Britain. 
British embryologists, in particular, have reason to 
be grateful to the help given by the Wellcome Trust, 
the Science Council of Japan and the British Council 
in making the attendance of many of their foreign 
colleagues possible. The conference as a whole was 
indebted to the Royal Society for financial aid. 

D. R. NEwTH 


LABORATORY ANIMALS BUREAU 
CONGRESS 


ACH year for the past decade the Laboratory 
Animals Bureau has organized a congress of 
animal and laboratory technicians. This year the 
congress, which since 1950 has been a two-day affair, 
was held in Edinburgh during April 4-5 at the Royal 
(Dick) School of Veterinary Studies. More than two 
hundred technicians from all parts of Great Britain 
and Northern Ireland were present, providing a 
record attendance. 

Prof. J. H. Gaddum opened the congress. He 
directed attention to the vital part played by the 
animal technician in the research team and deplored 
the tendency in some quarters for technicians to call 
themselves technologists. Technologists were a 
different type of person, not necessarily a superior 
type. The technician, and in this particular con- 
text, the animal technician, had his own place and 
dignity. 

As is usual at these congresses, all the papers but 
one were presented by technicians. Mr. C. R. Kennedy 
spoke of the uses of animals in toxicology, especially 
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of some of the practical problems involved. It is 
refreshing for those whose work involves use of 
animals, but who are not often called upon to give 
the physical day-to-day care that animals demand, 
to know what the experiment looks like when seen 
from the animal room. Unsuspected details of hus- 
bandry, nearly always taken for granted by the 
experimenter, become matters of considerable im- 
portance and even significant sources of variation in 
experimental procedures. 

Mr. F. Hoyland, speaking on the care and health 
of guinea pigs, demonstrated from the records of his 
own laboratory the substantial economies that can 
be effected, first, by the choice of healthy—in this 
case accredited—guinea pigs and, secondly, by a high 
standard of care both before and during experimental 
treatment. Mr. lan Samuel, of the Moredun Institute, 
ranged over the wide field of tolerated infections in 
laboratory animals. A cursory acquaintance with 
this problem is sufficient to show that the demand 
for ‘infection-free’ animals is seldom, if ever, likely 
to be met, short of using germ-free animals, which 
introduces problems of its own. A more useful con- 
ception, which has been gaining ground in Britain 
and receiving particular attention in the United 
States, is that of the ‘specific-pathogen-free’ animal 
(to borrow the American phrase). Most experimenters 
are not really interested in being assured that their 
animals are free from all possible pathogens, but 
most of them want to be assured that no pathogens 
which can cause intercurrent losses are present in 
their stock, and some want to go a little further and 
make sure that their animals are free of certain other 
infections which might interfere specifically with 
their own work. 

On the second morning, Mr. R. J. C. Stewart gave 
@ largely reminiscent paper on the dog’s place in 
medical research, bringing back to life some memories 
of the late Sir Edward Mellanby. Mr. D. L. McLean, 
reporting on the incidence of cedema in the young 
guinea pig, described work being done in Aberdeen 
on this condition in guinea pigs that has been seen 
in recent years and has so far kept its etiology a 
close secret. It appears that epidemic codema may 
be due to soil contamination of the grass meal used 
in a particular diet always associated with this con- 
dition. Mr. G. K. A. Smith produced some data of 
his own about the blood picture in common laboratory 
rodents. Finally, Dr. H. E. Lewis gave a review of 
alimentation in a number of common laboratory 
species. 

On the afternoon of the first day, visits were paid 
to the Moredun Institute and the Veterinary Labor- 
atory at Lasswade; and to the Small Animal 
Breeding Station and the Institute of Animal 
Genetics at the University of Edinburgh. On the 
second afternoon a visit was arranged to the Zoo- 
logical Park. 

There are two things worth noting about these 
congresses. The first is that about the same number 
of technicians, a little more than two hundred, come 
year after year. Since most of them have their fares 
and subsistence paid by their employers, it must be 
presumed that their employers regard their attend- 
ance as of some value. ‘I'he second point is that each 
year new speakers among the technicians are found 
to present papers, but the standard of papers shows 
no tendency whatever to fall; an indication of the 
talent, to a large extent latent, among animal tech- 
nicians. No other country in the world has meetings 
of this kind, meetings which belong peculiarly to the 
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technicians themselves. There is an obvious con- 
nexion between this and the fact that we have good 
reason in Britain to be proud of the standard of care 
we give our laboratory animals. 

It is a commonplace that experimental biologists 
are becoming more and more exacting in their 
demands for quality in experimental animals. This 
quality cannot be achieved without first-class and 
well-trained animal technicians. Arrangements 
already exist in many parts of Britain for courses of 
instruction for animal technicians, and all this is 
good. It was strikingly noticeable at the Edinburgh 
Congress that the lower ranks of the animal tech- 
nicians are now being recruited from younger boys 
and girls. There was a considerable number of recent 
school-leavers. This too is all to the good, provided 
they are of a type well suited to this particular work. 
We cannot, however, hope to attract to this sort of 
work the type best suited to it unless we can offer 
them the prospect of a good career. A career means 
adopting a discipline, accepting a training and 
ultimately achieving a worthy standing among one’s 
fellows. 

Here we come right up against an educational 
problem that is all too common. Entrance to many 
careers is governed from the age of eleven onwards 
by the ability to clear a series of educational hurdles. 
The idea is, of course, to weed out at an early stage 
those who are not studious or intelligent enough to 
benefit from any training they may be given. It also 
has the effect of weeding out those whose skill may 
lie more in craftsmanship than in purely intellectual 
attainments. On the other hand, it will let in those 
whose intellectual ability, in the sense of being able 
to clear these educational hurdles, is high but whose 
ration of practical ability may be less generous. The 
ability to pass such examinatiuns as the General 


Certificate of Education is not possessed by all those 
with special aptitudes for skill and craftsmanship, 
particularly of the kind indispensable in the labor- 
atory animal house. 

All sensible experimental biologists pay lip service 
to the value of good animal technicians and many 


genuinely believe what they profess. It is more 
difficult, however, to convince some of them that the 
absence of an educational qualification, such as the 
General Certificate of Education, should not auto- 
matically condemn technicians to a lower category 
in the technical hierarchy. On the other hand, 
employers have a right to expect that the absence of 
qualifications, such as the General Certificate of 
Education, shall be com by the pos- 
session of relevant alternatives in full measure. If 
it is undesirable that future animal houses be staffed 
with grammar school alumni lacking aptitude for 
animal work, it is no less undesirable that the training 
of animal technicians shall be so little exacting that 
it will admit those who are incapable of the high 
standards required. 

The Animal Technicians Association provides 
training and holds examinations for its members and 
grants qualifications of a standard believed to be fully 
sufficient for the purpose. Employing bodies should, 
in their own interest, examine this standard, so 
that they may either endorse it as it exists, or urge 
that it be modified in a direction that will make it 
acceptable to them; and when this is done they 
should accept it. In this way, and in no other, will 
they ensure a supply of good animal technicians for 
the future, and make possible the supply of good 
laboratory animals. W. Lans-PEerrer 


May 25, 1957 vou 170 


CARNEGIE TRUST FOR THE 
UNIVERSITIES OF SCOTLAND 


REPORT FOR 1955-56 


HE fifty-fifth annual report of the Carnegie 

Trust for the Universities of Scotland* records 
® continuing growth in the number of applications 
for assistance in the payment of class fees during the 
academic year 1955-56, on which £26,867 was spent, 
compared with £24,232 in the previous year, 1,720 
benefiting compared with 1,502. In view of counsel’s 
opinion that the trust deed embraces matriculation, 
laboratory and examination fees as well as class fees 
in the narrow sense, the Executive Committee is 
examining anew its obligations, particularly with 
reference to students who have shown exceptional 
merit at the university. During the year, £32,177 
was disbursed or set aside for grants for research 
schemes, and in addition to awards of one fellowship 
and one senior scholarship, thirty-four scholarships 
were renewed and twenty-five elected to begin 
research in October 1956. Of nine grants to members 
of the staff of universities for study abroad, six went 
to American universities and similar institutions, 
mainly for research in surgery and medicine, one to 
the Institute of Cell Research, University of Munich, 
one to the Vatican Archives, Rome, and one to the 
Department of Zoophysiology, University of Copen- 
hagen. Twelve guarantees were made against loss on 
publication of manuscripts and thirteen Scottish 
learned societies assisted in the issue of periodical! 
publications. The decline in repayments by former 
beneficiaries continued. 

The report upon the work of investigators under 
the research scheme during the year refers to sub- 
stantial improvements in the experimental technique 
made by A. V. Gold in his study of the de Haas— 
Alphen effect for electrical conductors in a magnetic 
field. The standard of work of the thirteen scholars 
in the Chemistry Section was commendably high, 
and Mr. H. M. MeGeachin has made important con- 
tributions to experimental technique and to struc- 
tural analysis in X-ray investigations of rhamnose 
monohydrate and sucrose crystals which will be of 
great value in resolving the problems of sugar 
crystallography. Five scholars at St. Andrews are 
studying the kinetics of the thermal decomposition 
of derivatives of benzyl and some organic iodides, 
using & mass spectrometer to detect intermediate free 
radicals. Especially emphasized are Mr. Dennis 
Mackay’s study of the flow of cations through a 
cationic exchange resin, Mr. Donald Mackay’s study 
of free radicals in heterocyclic systems, Mr. I. D. R. 
Stevens’s research on the reaction between nitrogen 
tetroxide and cyclohexane in the presence of bromo- 
trichloromethane, Mr. M. Los’s work on the synthesis 
of heterocyclic systems, particularly compounds 
analogous to the betaines, in which he discovered a 
new method for the reduction of azo-compounds with 
hydrazine, and that of Mr. F. Stevens which has 
demonstrated the existence of certain immunological 
relations between the serum proteins and those 
present in egg-white. 

In the Biological Section reference is made to 
A. D. Berrie’s work on the ites of freshwater 
fish, to Helen G. Kerr’s studies at Millport of the 

= S ‘| 
Annual Report, (for the year 1965-66) submitted by the Executive 


ittee to the Trustees on 18th February 1957. Pp. iv+73. 
(Edinburgh : Carnegie Trust for the Universities of Scotland, 1957.) 
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algae of the supra-littoral zone of the seashore, and” 


to Janet 8S. D. Graham’s investigations of the influence 
of mineral nutrition on carbon assimilation. A paper 
by Prof. J. G. C. Anderson on the Moinian and 
Dalradin rocks between Glen Roy and the Monadh- 
lieth Mountains is recorded as a contribution to 
knowledge in a field where there was little previously 
published information, and Dr. H. I. Drever made 
further progress in his general study of the origin of 
the picritic rocks. A list of publications by fellows, 
scholars and recipients of grants since September 
1955 is appended and also a list of awards under the 
Research Scheme for the year 1956-57. 


ORIGIN OF METEOR STREAMS 


HE Astronomical Institute of the Czechoslovak 

Academy of Science has issued a comprehensive 
monograph by Miroslav Plavec, “On the Origin 
and Early Stages of the Meteor Streams’’*. Plavec 
discusses the subject in four chapters, the first 
of which deals with “Cometary Outbursts and 
the Origin of Meteor Streams”. About seven 
years ago he proved that the mutual gravitational 
attraction between the particles in a meteor stream 
is compensated by radiation pressure, in con- 
sequence of which there is probably no force hold- 
ing the particles together. If meteor streams had 
their origin in the disintegration of comets, there 
arises the question of how the dispersive forces 
0 . 
A short account of the views of various authors 
is given, and summed up in four hypotheses : 
(1) The collision theory, which postulates that, in 
general, meteor streams originate in collisions of large 
parental comets with asteroids or meteorites. This 
view was advocated in 1952 by Whipple and Hamid 
to explain the Taurid meteors about November 11 ; 
it was held that Comet Encke had collided with some 
asteroidal bodies. (2) The disintegration of comets 
by the tidal actions of the Sun and view 
advocated in 1871 by Schiaparelli but no longer con- 
sidered a very probable explanation. (3) The con- 
tinuous escape of meteors from the nucleus, which 
may be a huge cluster of solid bodies of various sizes 
subjected to internal motions with sufficient speed to 
exceed the velocity of escape. (4) The ejection hypo- 
thesis, which supposes that meteors are emitted from 
the nucleus by internal forces in the comet. This 
view was formulated by Bredichin in 1889 and has 
comparatively recently been supported by Dubajo 
and Whipple. 

Plavec explains why he is disposed to prefer this 
last hypothesis, and deals with the dynamics of the 
problem in Chapter 2. Special consideration is given 
to the compact clouds of the Draconids and Leonids, 
which may be regarded as typical meteor swarms at 
an early stage of evolution. It is very difficult to 
explain the formation of these streams by collision 
because this would involve a much more pronounced 
dispersion of the swarms than exists. The large 
dispersion of some other swarms, such as the Perseids 
and Orionids, could be explained by planetary per- 
turbations of an originally thin stream, as was shown 
in 1951 by Ahnert and Hamid. It is, however, 


* Czechoslovak Academy of Science: Astronomical Institute. 
. 30: O the O n and Early Stages of the Meteor 
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admitted that tidal disintegration as well as ejections 
may be operating in many comets. The third chapter, 
“Local Perturbations of the Meteor Streams”, ex- 
plains how planetary perturbations may be responsible 
for affecting the structure of swarms, and the last 
chapter shows how the total mass and spatial density 
of the streams can be determined, and describes the 
application of the method of computation to the 
Draconids of 1933. M. Davipson 


STRUCTURE AND TAXONOMY OF 
BULINUS JOUSSEAUMEI 


N the past the classification of snails of medical 
and veterinary importance has been based largely 
on the appearance of their shells, but this system has 
proved inadequate and classification is now in such 
confusion that the same snail may be placed in 
different genera or species by different authorities. 
It has been recommended that classification should 
be based on studies of both internal anatomy and 
shell, but this requires a detailed knowledge of 
anatomy which is not yet available and which can 
only be obtained by investigation. During the past 
three years several important contributions have 
been made in this direction, but many species have 
not yet been studied and their identification and 
relationship to other species are still in doubt. It was 
this situation which led the British Museum (Natural 
History), and later the Colonial Medical Research 
Committee, to establish fellowships in malacology for 
the study of disease vectors. 

Dr. C. A. Wright, at the British Museum (Natural 
History), has written a paper* which describes a 
detailed investigation of the internal structure of one 
of the schistosome vectors in parts of West Africa, 
and considers its relationships with other species in 
that area. Some interesting and important results 
have been obtained. The size of the shell has always 
been difficult to define and workers have often based 
their description on the largest specimen or on a range 
from the smallest to the largest. In this paper it is 
pointed out that in a sample of snails a normal dis- 
tribution curve of shell lengths is obtained if those 
specimens only are considered which have become 
adult as shown by examination of their reproductive 
glands. The mean length of adult shells of a species 
collected from different localities was found to 
decrease according to their distance from the equator, 
which is probably to be related to the length of the 
rainy season. 

A careful anatomical and histological examination 
has been made of the internal organs, particularly 
the reproductive system, and the findings have been 
compared with those of other genera and species. In 
considering the relationship of the snail studied, Dr. 
Wright reviews the species of the sub-genus Physopsis 
in West Africa and concludes that the same species 
is present throughout the area and that B. jous- 
seaumet is one of its forms. On account of its smaller 
size and more contracted life-cycle he recommends 
that it should be named Bulinus (Physopsis) globosus 
jousseaumei. This investigation will simplify the 
attempt to classify other snails belonging to this 
sub-genus. T. H. Davey 
No. "iz Studies on the Structare aa Taxol ar Bulinus j ~ 


seaumei ( tzenberg). By Dr. C. A. W: t. . 1-28+ 
and 2. (London: British Museum (Nat History), 1957.) 10s. 
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CAINOZOIC 
By E. IRVING and R. GREEN 


Department of Geophysics, Australian National University, Canberra 


N some rock types (it is unlikely that these con- 
stitute more than 5 per cent of the rocks exposed 

to our view on the Earth’s surface) the directions of 
magnetization may be identified with the direction 
of the geomagnetic field at the time of deposition 
and may be described as having ‘stable’ magnetiza- 
tion. Some -authors'-*, from a consideration of 
palezomagnetic data from such rocks of Jurassic, 
Triassic, Paleozoic and Pre-Cambrian age, have 
found it necessary to contemplate the possibility of 
relative movements between many of the major land- 
masses of the world. Their case is based on the fact 
that the positions of the geomagnetic poles determined 
from the directions of magnetization in rocks laid 
down in the same (pre-Cretaceous) geological period 
in different continents never agree. Agreement may 
be achieved by supposing that the continents, 
behaving as separate entities, have moved relative 
to one another. These movements may be transla- 
tions or rotations. Translation along a line of latitude 
producing a change in longitude does not give a 
pole discrepancy by the paleomagnetic method. 
Observed pole differences are therefore the outcome 
of either translation in a meridional direction, or of 
rotation. There is evidence in the pre-Cretaceous 
paleomagnetic data for both types of move- 
ment. 

In the present communication, the results from 
a@ paleomagnetic survey of two groups of basic 
voleanic rocks in Victoria, Australia, are outlined, 
and an attempt is made to imtegrate them with 
equivalent observations from the northern hemisphere. 
It is concluded that relative continental movements 
of the type just described have been negligible since 
the Upper Tertiary, but appear to have been operative 
through the Cretaceous into the Tertiary—that is, 
more recently than was supposed from the previous 
palezomagnetic evidence. 

The Newer Volcanics are for the most part of 
Pleistocene age, although some of the older flows may 
be Pliocene and some of the younger are Recent. 
Samples have been taken from thirty-two localities 
spread over an area of 10,000 square miles. The mean 
direction of natural remanent magnetization is 
parallel to the present geocentric axial dipole field, 
and the pole position consistent with this direction 
is coincident with the geographical pole (Table 1). 
Confirmatory results have been obtained from basalts 
in Tasmania and Queensland. It appears therefore 
that, so far as this region is concerned, the Earth 


during the past 10° years has, on average, behaved 
as if it were a uniformly magnetized sphere with its 
axis (the mean geomagnetic axis) coinciding with 
the axis of spin. Reversals occur, but these merely 
introduce an ambiguity in the sign of the central 
dipole and are of no interest in the present context. 
In the northern hemisphere, the concurrence of the 
average paleomagnetic direction with the axial 
dipole field has been observed in many rock forma- 
tions (see Hospers*), the ages of which range back 
to the Miocene. In Fig. 1 the pole position calculated 
from the Newer Volcanics is given together with 
three northern hemisphere determinations (many 
more may be obtained from ref. 6), and all coincide, 
within the errors, with the present geographical pole. 
Apparently this uniform character of the geomagnetic 
field has been held for the past 20 x 10® years. 

The Older Voleanics of Victoria are of Lower 
Tertiary age and probably Eocene. Their directions 
of magnetization have been observed at fifteen sites 
covering 5,000 square miles, and the inclinations are 
steeper than in the Newer Volcanics (Table 1). 
Assuming that the Earth’s field has always main- 
tained the average dipolar character, the pole posi- 
tions consistent with any direction of magnetization 
may be calculated ; this assumption may be referred 
to as the dipole hypothesis. The southern hemisphere 
pole consistent with the average direction of the 
Older Voleanics, together with the pole determined 
from the Tasmanian dolerites'! (Jurassic or Cre- 
taceous), and from four rock formations of Cretaceous 
and Lower Tertiary age elsewhere are plotted in 
Fig. 2. From this, two points of interest arise. 
First, the Cretaceous and Lower Tertiary poles from 
Europe and North America, although differing from 
the present pole, are coincident with one another ; 
this substantiates the dipole hypothesis for this area 
during this time, assuming no relative rotation or 
change in latitude between Europe and North 
America since the Cretaceous. (Relative change in 
longitude is not, of course, excluded.) Secondly, the 
equivalent poles from the Indian and Australian 
observations are not only a much greater distance 
from the present pole but are also far distant from 
one another. 

Four possible explanations for this occur to us: 

(1) That inadequate geological dating invalidates 
these comparisons, and that these pole discrepancies 
are due to the occurrence of geomagnetic polar 
wandering (relative to the Earth as a whole*) between 


Table 1. AVERAGE MAGNETIC DIRECTIONS AND POLE POSITIONS FOR THE CAINOZOIO BASALTS OF VICTORIA 
D and I are the declination and inclination of mean directions calculated without respect to sign; a is the Fisher circle of confidence (ref. 9) 


at P = 0-05 calculated from the modified formula given by Watson and Irving (ref. 10); dp and 6m are 


the = of the oval of error 


around the pole position in the direction of, and perpendicular to, the colatitude at P = 0 
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the time of deposition of the rock formations here 
compared. The effect of such polar wandering, if 
it occurred, should be present in the European 
and North American results; in fact, it is not 
(Fig. 2). 


(2) That during the Cretaceous and Lower Tertiary 
the surface geomagnetic field, although dominantly 
dipolar in Europe and North America, was not so at 
the opposite side of the Earth in Australia; by the 
Pleistocene this disorder was lost and the average 
field became that of a geocentric dipole at all these 
places. From symmetry considerations this argu- 
ment seems unlikely, and, as there is already con- 
siderable theoretical’? and observational*.* evidence 
in support of the dipole hypothesis, this point of 
view is regarded as tenuous, although it cannot at 
the moment be excluded. 
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(3) That Australia and India have undergone 
translation movements with respect to each other 
and to Europe and North America during Cretaceous 
and Lower Tertiary times. The minimum movements 
necessary are about 1,300 miles between Australia 
and Europe end between India and Australia, and 
about 4,600 miles between India and Europe and 
India and North America. 


(4) That these continents have rotated without 
change in position. For example, if Australia, North 
America and Europe are rotated clockwise by 120°, 
100° and 150° and India anti-clockwise by 30°, the 
Cretaceous and Lower Tertiary pole determinations 
come to lie much closer to one another in what is 
nowadays the region of New Guinea, North Australia 
and Indonesia (100°-140°E. and 10° N.-30°S.). 
At first sight this drawing together of pole de- 
terminations from four continents by simple rotation 
may seem important, but in view of the large size 
of this region and the pole errors, we are not inclined 
to attribute any special significance to this, at least 
not until it is substantiated by further determinations. 
It is given here merely as a possibility. 


° 


iso 
BS 1, Bes 9 farang determined from rock formations «. 
inv ag of Mi. it. tna fa Sit Sicl iy covering the past 2.400 year Manny ss 
« c! 
3, ocene Columb a River besaite with severed 
tiagnetaation (re cero, Ris eo lavas of —— (ref. 6). In 
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Fig. 2. Pole itions determined from Cretaceous and Lower 

Tertiary rock formations : 5, Older Volcanics of Victoria; 6, Tas- 
olerite sills; 7, Oligocene of France (ref. 12) ; 8, 

basalts of Northern’ Ireland (ref. 13); 9, —_ oe 

(Cretaceous) of the United States (ref. 14); 1 

Cretaceous to Eocene (ref. 3); 11, Deccan Tiape (ref. is) 


Our results from the Newer Volcanics of Victoria 
are the first confirmation from the southern hemi- 
sphere of the average dipole nature of the geo- 
magnetic field during the later part of the Cainozoic. 
The possibility of important movements between 
Europe, North America and Australia during this 
period is very unlikely. However, to explain our 
results from the Older Volcanics and equivalent 
observations elsewhere, it is n to entertain 
the idea of large-scale translational and/or rotational 
movements in Cretaceous and Tertiary times. These 
conclusions are contingent on the dipole hypothesis, 
and cannot be avoided if this is true. We realize 
that they raise important geological questions. The 
large rotations in alternative (4) are difficult to imagine, 
and large-scale translations may in consequence be 
viewed more favourably. We wish to state these 
conclusions without any prejudice as to their 
geological probability: 

We thank Dr. O. P. Singleton, of the Department 
of Geology, University of Melbourne, for his very 
great help with the sampling problems and other 
geological aspects of this work. 


1 Nairn, A. E. M., Nature, 177, 551 (1956). 

* Runcorn, 8. K., Proc. Canad. Assoc. Geol., 8, 77 (1956). 

* Irving, E., 9 go e app., 33, 23 (1956). 

*Du Bois, M., International Conference on Rock Magnetism, 


London C60 

* Blackett. P. M. ig _ Rock Magnetism” (Weizmann 
Science Press 7 hea 

* Hospers, J., J. Geol., 63, - poll 

? Chevallier, R., Ann. de Phys., 4, 5 (1925). 

* Campbell, C. D., and Runcorn, 8. K., J. Geophys. Res., 61, 449 (1956). 

* Fisher, R. A., Proc. Roy. Soc., A, 217, 295 (1953). 

1° Watson, G. 8. ond bxvine. B.. Mon. Not. Roy. Astro. Soc., Geophys. 
Supp. (in the press 

" Irving, E., phd oe Pree. Roy. Soc. Tasmania, 90, 157 (1956). 

* Roche, A., C.R. Acad. Sci., Paris, 230, 113 (1950). 

13 Hospers, J., and Charlesworth, H. A. K., Mon. Not. Roy. Astro. 
Soc., Geophys. Supp., 7, 32 (1954). 

4 Runcorn, 8. K., Bull. Geol. Soc. Amer., 67, 301 (1956). 

ad a ae Griffiths, D. H., and Deutech, H. H., Phil. Mag., 

» 8, ~ 419 (1956). 

a0 Creer, K Irving, E., and Runcorn, 8. K., J. Geomag. Geoelect., 

6, 168 “dba. 


‘7 Runcorn, 8. K., Trans. Amer. Geophys. Union, 35, 49 (1954). 





NATURE 


May 25, 1957 VOL. 179 


CALCIUM AND THE CONTRACTION OF THE HEART 


Antagonism between Calcium and Sodium 
lons 


T is well known! that the heart-beat becomes 
stronger when the calcium-ion concentration, 

{Ca*+], in the bathing fluid is increased. Recent 
evidence suggests* that this is due to an effect of 
calcium ions on the process by which excitation of 
the cell membrane is linked to contraction. The 
heart-beat is also made stronger when a part of the 
sodium chloride content of Ringer’s fluid is replaced 
by sucrose*. The observations to be described show 
that these two effects are quantitatively related 
through an antagonism between calcium and sodium 
ions. 

The experiments were made on thin strips (diameter 
less than 0-5 mm.) of the frog’s ventricle. Isometric 
tensions and surface potentials of the strips were 
recorded by methods previously described‘. Fig. 1 
shows how the replacement of sodium chloride by 
sucrose affects the peak tension of isometric twitches. 
The tension (ordinate) at a given concentration of 
sodium chloride has been plotted as a function of the 
calcium-ion concentration (abscissa). It can be seen 
that the S-shaped relation between peak tension and 
calcium-ion concentration becomes steeper and is 
shifted towards lower concentration of calcium ions 
when the concentration of sodium chloride is reduced. 
In Fig. 1b the ordinates of Fig. la have been replotted 
against [Ca*+]/[Nat}*, where [Ca*+] and [Nat] are 
the concentrations of calcium and sodium ions asso- 
ciated with a given peak tension. It is seen that the 
family of curves of Fig. la is reduced to a single 
curve, indicating that the tension depends on the 
quotient [Ca*+}/[Nat}* in agreement with an observa- 
tion of Wilbrandt a Koller®. The result can be 
explained by assuming that calcium ions and sodium 
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ions compete reversibly for an anionic group R, 
located presumably on the cell surface : 


P 
2 Nat + Ca R 2Na,R + Cat (1) 
ky 


where Ca R is the compound which activates contrac- 
tion whereas Na,F is inactive (k, and k, are rate 
constants). Taking the total number of anionic 
groups as unity and assuming that these groups are 
occupied by either sodium or calcium ions, the law 
of mass action leads to: 


[Cart] _ 
[Nat} 


k, [CaR] 
= ky [1—Ca B] 





(2) 


Hence the concentration of the activator [Ca 2] 
depends on the quotient [Ca*+]/[Nat]* rather than 
absolute ionic concentrations. 

This idea was tested by replacing a part of the 
sodium chloride of Ringer’s solution with the chlorides 
of lithium, choline (in the presence of atropine) or 
tris(hydroxymethyl)amino methane. All three sub- 
stitutions caused a rapid and striking increase in 
twitch tensions at low [Ca*+]. This finding suggests 
(a) that the substitution of sodium chloride with 
sucrose acts by withdrawing sodium rather than 
chloride ions, and (b) that the formation of the 
inactive cation compound is highly specific and 
distinguishes even between sodium and lithium. 

A further possibility of testing the competition 
between calcium and sodium is to record tensions 
which develop when the excitable membrane has 
been depolarized in a graded manner by the applica- 
tion of potassium-rich solutions. Contracture ten- 
sions, thus obtained, are known‘ to increase with 
increasing [Ca*+]. If lowering the sodium-ion 
concentration raises the concentration of an activator 

CaR, then withdrawal of sodium 
at constant level of [Ca*t] should 
also increase contracture tension. 
Conversely, adding sodium ions to 
a sodium-deficient solution should 
act like the withdrawal of calcium 
ions and cause the tension to 
decline. In the experiment illus- 
trated in Fig. 2, contractures were 
induced by the application of 
solutions containing 100 mM pot- 
assium chloride. The resulting 
contracture was very weak in 
Fig. 2a because the calcium-ion 
concentration was low (0-5 mM). 
Fig. 2b shows a contracture of the 
same strip when the sodium chloride 
content of the potassium-rich solu- 
‘ tion was iso-osmotically replaced 





<< 
mM 
[Ca**] 
(6) 


Fig. 1. The effect of diminished sodium chloride concentrations on twitch tension. 
brated with a given composition of 

Ringer’s fluid are plotted as a function of te at four different sodium de con- 
eart strip was stimulated at a constant rate 
ut the experimen 'b) Ordinates of (a) replotted as a function of 
ere [Ca*+] and (Nar are the ionic concentrations associated with a 


4a) Peak tensions of twitches of heart stri 
centrations (100 per cent = 112-5 = a 
of 2/min. aghou 
{Ca**]/[Na*}’, wi 
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3 by sucrose. A large and sus- 
x10-‘mmM-! tained contracture developed in 
[Ca*]/[Na*+}? this sodium chloride-depleted solu- 
tion. The effect of adding sodium 
chloride was then tested on the 
same strip (Fig. 2c). This time 
the experiment was started by 
letting the strip become equilibrated 
with a 0-5 mM calcium-Ringer’s 
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solution which had 75 per cent of its sodium chloride 
replaced by sucrose. (Note the higher twitch tension 
in this solution compared with Fig. 2a and b.) Con- 
tracture was induced by applying the same solution 
as in Fig. 2a, that is, sodium chloride was restored 
to a normal level at the same time as 100 mM 
potassium chloride was added. After a transient rise, 
the contracture subsided almost completely in the 
presence of normal sodium chloride. The rever- 
sibility of these effects is shown in Fig. 3. In Fig. 3a, 
a sustained contracture was elicited by applying a 
solution containing 100 mM potassium chloride with 
sodium chloride replaced by sucrose (1). Restoring 
to the normal sodium chloride content (2) causes the 
tension to decline. Replacing sodium chloride by 
sucrose (3) brings the tension back to its former value. 
The same experiment was carried out but tris- 
(hydroxymethy]l)amino-methane chloride was used to 
replace sodium chloride (Fig. 3b). The striking 
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resemblance between 3a and 36 was also found when 
using the chlorides of lithium or choline instead of 
sucrose. This supports the suggestion that lithium 
ions, choline+ and trist, do not form inactive com- 
pounds, or at least not as readily as sodium ions. 

It was important to know whether replacement of 
sodium chloride in these experiments alters the degree 
of depolarization of the cell membrane and perhaps 
thereby gives rise to the observed effects upon tension. 
This point was checked by measuring depolarizations 
at a given potassium chloride concentration in the 
presence of either sodium chloride, lithium chloride 
or ‘tris’ chloride. There was no difference in depolari- 
zation under these conditions ; therefore it is not an 
alteration of the membrane potential which causes 
the tension to change by varying the sodium ion- 
concentrations. 

The results show that every known feature of the 
action of calcium ions on contraction can be simulated 
by a diminution of the sodium chloride concentration. 
They support the suggestion that calcium and 
sodium ions compete for a compound which controls 
contraction. 

R. NrEDERGEREKE 
H. C. Lirreauv 
Department of Biophysics, 
University College, 
London. Feb. 14. 


* Ringer, 8., J. Physiol., 4, 29 (1883). 

* Niedergerke, R., J. Physiol., 184, 569 (1956). 

* Daly, I. de Burgh, and Clark, A. I., J. Physiol., 54, 367 (1921). 

* Niedergerke, R., J. Physiol., 184, 584 (1956). 

* Wilbrandt, W., and Koller, H., Helv. Physiol. Acta, 6, 208 (1948). 
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Accumulation of Calcium (or Strontium) 
under Conditions of increasing Contractility 


If the frog’s heart is immersed in solutions of a 
low calcium-ion concentration (less than 1-5 mM) 
the resulting weak contractions can be restored to 
normal by one of the following changes in the ionic 
environment : (a) by addition of calcium ions, (6) by 
replacement of part of the sodium chloride by 
osmotic equivalents of sucrose or of the chlorides of 
either lithium, choline or  tris(hydroxymethy]l)- 
amino methane (tris) (see preceding paper), and (c) by 
omission of potassium ions (Ringer'). The addition 
of calcium ions (change @) improves contraction, 
probably by restoring calcium to a cellular store 
which has been depleted in the low-calcium medium. 
The experiments to be described show that both 
changes (6) and (c) lead to accumulation of calcium 
ions by the heart tissue. 

The rate of movement of calcium between strips 
of frog’s ventricle and the immersion fluid has been 
determined using tracer calcium-45 or strontium-89. 
Substitution of strontium-89 for calcium-45, con- 
venient because of the harder radiation of stron- 
tium-89, is justified because strontium acts similarly 
to calcium on the contraction, and because tracer 
loss from the tissue which had first been treated with 


either tracer had a similar time course. 
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Fig. 1 illustrates how replacement of sodium 
chloride by sucrose affects the time course of tracer 
movement into cardiac tissue. A heart strip was 
placed in tracer solutions which contained either 
112-5 mM sodium chloride or 5 mM sodium chloride 
+ 202 mM sucrose. It is clear that the uptake of 
strontium-89 is much enhanced in the low-sodium 
chloride solution ; furthermore, if the strip is trans- 
ferred from the low-sodium chloride solution to 
normal Ringer’s fluid most of the previously accumu- 
lated strontium-89 is lost again although the con- 
centration of the calcium-—strontium-89 mixture was 
the same in each solution. A similar experiment is 
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Fig. 2. The effect of replacing the sodium chloride of Ringer's 
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heart tissu Relative amounts of strontium-89 tracer in a 


ventricle ote during exposure to tracer solutions which contained 

either 112-5 aM sodium chloride or 125 mM choline chloride. 

Potassium concentration and *Sr—Ca mixture asin the experiment 

of Fig. 1. Vertical bars indicate standard error of the measurement 
of radioactivity 


illustrated in Fig. 2, but this time sodium chloride of 
the tracer solution was replaced by choline chloride. 
It can be seen that the uptake of strontium-89 is also 
increased with choline chloride—Ringer although to a 
lesser extent than with sucrose-Ringer. Similar 
results were obtained on replacing sodium chloride 
with lithium chloride or ‘tris’ chloride. These findings 
suggest that at least part of the tracer taken up 
competes specifically with sodium ions for some 
common adsorption sites. 

The experiment illustrated in Fig. 3 shows the 
changes in tracer uptake when a heart strip has been 
transferred from ordinary Ringer’s fluid to a potas- 
sium-free solution (the 2-5 mM potassium chloride 
of Ringer’s fluid having been replaced by equivalent 
sodium chloride). Both solutions, the ordinary 
Ringer’s fluid and the potassium-free solution, 
contained calcium-strontium-89 mixtures of equal 
concentration. From Fig. 3 it is clear that the uptake 
of tracer is greater in the potassium-free solution 
than in ordinary Ringer’s fluid. 

The time course with which calcium is lost from 
the tissue was determined using calcium-45. Heart 
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strips were immersed for periods of 30 or 60 min. in 
Ringer’s fluid labelled with calcium-45. Afterwards 
the accumulated tracer was washed out into the 
tracer-free solution of which the effect on calcium 
loss was to be tested. Controls were made by reload- 
ing the same strip with calcium-45 and washing out into 
Ringer’s fluid. It was found that calcium-45 was 
lost at a reduced rate when the sodium chloride of 
Ringer’s fluid was replaced by sucrose or the chlorides 
of either choline, tris or lithium, and when potassium 
chioride was omitted from Ringer’s fluid. Calcium 
loss was slowest in the sucrose solution. 

The results indicate that replacement of sodium 
ions or omission of potassium ions of Ringer’s fluid 
causes heart tissue to accumulate calcium; this 
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follows from the observation that in both cases the 
uptake of calcium is increased while the rate of loss 
of calcium is diminished. A mechanism whereby the 
reduction of the sodium-ion concentration may 
increase the adsorption of calcium on anionic sites 
of the cell surface has been discussed in the preceding 
paper. The mode of action of potassium-free solution 
has still to be explained. 

R. NIEDERGERKE 

E. J. Harris 


Department of Biophysics, 
University College, 
London. Feb. 14. 


1 Ringer, S., J. Physiol., 4, 370 (1884). 


OLFACTORY ACUITY IN THE DOG 
By Dr. E. H. ASHTON, Dr. J. T. EAYRS and D. G. MOULTON 


Department of Anatomy, University of Birmingham 


‘HE commonly held view that the sense of smell 
dominates the world of the dog is supported by 
only limited scientific data. Of these, the most 
important are derived from Buytendijk’s analyses of 
the least concentrations of iodoform and of various 
organic and inorganic acids that dogs can detect'. 
The present communication provides further informa- 
tion about the dog’s olfactory thresholds for the eight 
straight-chain fatty acids in the series beginning with 
formic and ending with caprylic acid. The results 
show that the level of detectability is directly related 
to molecular size. 
Experiments were carried out in a laboratory 12 ft. 
square. Because it is imperative in experiments of 
this type to avoid the possibility of the animal’s 
performance being biased by cues picked up from 
those conducting the experiment, two ante-rooms 
were provided—one for the supervisor of the experi- 
ment, and the other for the dog and its handler. The 
idea was that the supervisor would set out the 
experiment, but not know what the dog was doing ; 
while the handler would neither know what the 
pom ot mad had arranged nor about the dog’s success 
or failure until after the dog had performed. 

Near each corner of the experimental room a short 
length of metal pipe, covered with a gauze lid and 
connected to a supply of compressed air, was screwed 
vertically into the floor to serve as a container. 
Above each container was a station comprising a 
signal light and bell push. These were connected to 
switches in the supervisor’s room which could be set 
so that each signal bulb lit up or did not light when 
its own bull push was operated. The electric circuits 
were also linked to a flag indicator and to two mag- 
netic counters. One counter summed the numbers of 
times the bulbs lit up after the pushes had been 
operated, and the other the numbers of times they 
failed to light after operation of the pushes. 

In an experiment, the supervisor first placed a 
crucible containing either a dilute solution of acid or 
distilled water in each container, the handler and 
dog being shut in their own ante-room. The crucibles 
were set out according to @ random plan in which all 
possible arrangements were presented in a cycle of 
sixteen runs. The plan, which was changed from 
day to day, was recorded on a pro forma kept in the 





supervisor's room. It was not seen by the handler 
at any time. The supervisor next set his control 
switches so that only the signal lights above the 
crucibles containing acid would light when the bell 
pushes on the stations were operated. After each 
trial any traces of acid vapour remaining in the 
containers were removed by a blast of compressed 
air. 

When all preparations had been made, the super- 
visor withdrew to his own ante-room, and by means 
of a small bulb located in the other ante-room sig- 
nalled to the handler to take the dog into the experi- 
mental room and to lead it from one container to 
the next. The animal had previously been trained 
to sniff at the gauze lids, to sit beside those covering 
a dilute solution of acid and to walk past those that 
covered the crucibles containing water. On the 
occasions when the dog sat, the handler pressed the 
corresponding bell-push. If the dog had chosen 
correctly, the signal bulb lit up. Correct decisions 
were rewarded with a piece of meat, and errors 
punished by scolding or a light smack. 

The operation of the signal switch caused the 
appropriate flag of the supervisor’s indicator to fall, 
thus indicating where the animal had sat. A mark 
was awarded either when the dog made a positively 
correct choice or when it avoided a crucible con- 
taining water, the supervisor recording the numbers 
of correct choices and mistakes on his pro forma. The 
accuracy of the scoring was checked against the 
numbers of times the animal sat beside crucibles 
containing acid (= the numbers of times the signal 
bulbs lit up after the operation of the bell pushes) as 
summed in the one counter, and the numbers of 
mistakes (= the numbers of times the bulbs failed 
to light after operation of the bell pushes) in the 
other. 

Either seven or nine concentrations of each acid 
were tested, groups of three concentrations of each 
being arranged in balanced incomplete blocks and 
tested simultaneously. A second experiment carried 
out some six months after the initial trials with 
acetic acid and at the end of the main e: iment 
showed that the least concentration of this acid that 
the dog could detect had not changed during that 
period. 





(8) Caprylic —>~~ 
(7) Oenanthic —~ 
(6) Caproic Sree ‘> 
(5) Valeric —~ 
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Fig. 1. The detectability of different fatty acids. 
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It is believed that all possible cues have been 
ed inst in this experimental design, and that 
spe ee by the animal can be attributed 
solely to its capacity to detect the acid vapour. For 
example, since the handler did not know where the 
acid was placed, she could not transmit unintentional 
or intentional cues to the dog. Second, the possi- 
bility of the dog being helped by the supervisor was 
excluded since the supervisor could not see the 
animal at work. Third, as the numbers and positions 
of the crucibles containing acid were changed after 
each circuit according to a random pattern, it was 
impossible for either the dog or handler to anticipate 
where they could be found. Fourth, as the crucibles 
were sterilized and handled throughout by tongs, 
cues could not be given by reason of variations in 
the amount of human scent they carried. Finally, it 
was impossible for the scores to be biased owing to 
the animal detecting traces of vapour left from 
previous circuits, because these were blown out by 
the compressed air. 

The results were subjected to the standard form of 
probit analysis*, the concentrations (m) at which the 
dog scored 50 per cent correct responses being taken 
as a measure of the olfactory threshold. The slopes 
of the probit lines were, within the limits of sampling 
errors, the same, and although it was not possible to 
control such factors as the temperature and humidity 
of the laboratory, the variance of the results was 
sufficiently low to establish the differences in the 
detectability of the various acids as significant 
statistically. 

The results showed that the threshold concentra- 
tion of acid in solution tends to change inversely with 
the number of carbon atoms in the molecule (Fig. 1) ; 
but whereas the first four acids are separated on this 
scale by a distance of approximately one unit, the 
four latter are separated by approximately only 
0-3 units. 

The threshold value for n-valeric acid (5 carbon 
atoms) is appreciably higher than that for n-butyric 
acid (4 carbon atoms). This is associated with a 

change at this point of the series in the quality 
of the odour, and it is possible that the acids in the 
series below this point may also stimulate the endings 





of fibres of the trigeminal nerve in the nasal mucosa. 
This finding is supported by the results of Allen’s 
experiments with dogs* in which either the olfactory 
bulb or the maxillary and i nerves had 
been transected, and in which the animals had been 
trained to respond to unspecified concentrations of 
acetic and butyric acid. 

The broad conclusion that the threshold is related 
to molecular size is also supported by the results of 
earlier experiments in which the concentration of 
odorous substance in the air was predetermined 
experimentally, and in which estimates were made 
first of the least concentrations of alcohols, acetates, 
paraffins, chloroparaffins, alkyl mercaptans and 
some fatty acids that human beings can detect‘, 
and second of the minimum amounts of alco- 
hols and aldehydes that repel or attract the 
blow-fly®. 

Until the results of the present study can be 
transformed from concentrations in solution into 
concentrations in the air inhaled by the dog, it does 
not seem possible to decide whether, as suggested by 
other workers on the basis of physico-chemical 
analyses, the threshold is best related to the shape 
and size of the molecules’, to their thermodynamic 
activity®*, or to other physical properties, for 
example, the extent to which absorb infra- 
red radiation, The data available in the standard 
works of reference do not, in most cases, permit 
these concentrations in the air to be calculated, 
and work is now in progress to determine each 
experimentally. 

, are, F. J. J., Arch. néerl. Physiol., 6, 434 (1921). 
* Finney, D. J., “Probit Analysis”, second edition (University Press, 
Cambridge, 1952). 
* Allen, W. F., Amer. J. Physiol., 118, 582 (1937). 
* Allison, V. C., and Katz, 8. H., J. Indust. Eng. Chem., 11, 336 


mere 
* Beck, L. H., Kruger, L., and Calabresi, R., Ann. N.Y. Acad. Sci., 
58, 295 ¢ (1954). 


* Kruger, L., Feldzamen, A. N,, and Miles, W. R., Amer. J. Psychol., 
68, 386 (1955). 


7 Passy, M. J., C.R. Soc. Biol., Paris, 44, 447 (1892). 

* Mullins, L. J., Ann. N.Y. Acad. Sci., 62, 247 (1955). 

* Dethier, V. G., ae i. M. T. P; 35, 823 (1952 
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* Davies, J. T., pa in. 8, 74 (1953). 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
No notice is taken of anonymous communications. 


The ‘Clock Paradox’ of Relativity 


It would be inappropriate to give here an additional 
derivation of the asymmetrical relative ageing of 
twin brothers predicted by relativity theory for the 
familiar round trip. In his first paper on relativity, 
A. Einstein derives the well-known result! ; he does 
not, as claimed by Prof. H. Dingle, make a “‘regrettable 
error’*, The recent derivation by W. H. McCrea* 
emphasizes that the Lorentz transformation of special 
relativity is sufficient to describe the round trip from 
the point of view of either twin, provided that one 
retains the usual central role assigned by Einstein to 
“a system of co-ordinates in which the equations of 
Newtonian mechanics hold good (that is, to the first 
approximation)’’‘. 

In view of the recent prolonged controversy’, a 
more fruitful approach might be to find the specific 
source of “regrettable error” on Prof. Dingle’s part. 
I have done this, by examination of Prof. Dingle’s 
recent Physical Society paper*. There (p. 930), Prof. 
Dingle makes a key statement which is completely 
clear, free of ambiguity—and incorrect. This state- 
ment, and this alone, leads him from his preceding 
correct results directly to his incorrect conclusion that 
no asymmetrical ageing occurs in the familiar round 
trip. I quote Prof. Dingle. (I have enclosed the 
crucial incorrect statement and resulting incorrect 
conclusion in brackets {}, and have added my own 
Fig. 1 to illustrate Prof. Dingle’s notation.) 


v 8, 
<—_———o 
C, Vv f° 
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Fig. 1 


“Consider three clocks, B,, C,, D,, which, at the 
common reading ¢ = 0, are together and such that, 
if D, is regarded as being at rest, B, and C, are 
moving in opposite directions, each with uniform 
speed V with respect to D,. If these clocks are 
respectively at the origins of co-ordinate systems of 
which the z-axes all lie along the line of motion and 
are positive in the direction towards which C, is 
moving, then these are related by the 
Lorentz transformation. There is a fourth clock A, 
at rest at the point (z,0,0) in the D, system, and at 
the event EZ,’ = (z,0,0, —z/c) in that system let it 
emit a beam of light which, on reaching D,, is reflected 
back again to A,, clearly reaching it at the event 
E,’ = (x,0,0,z/c) in the D, system. By the Lorentz 
transformation, Z,’ = (x,0,0, —2B/c) in the B, ayetem 
and (2z/8,0,0, —az/cB) in the 
B=[ - —Vie)/(1+Vic) }+*, while By rae: 1p ouz|eb) 
in the B, system and (x8,0,0,28/c) in the C, system. 
Hence, by Einstein’s criterion, the time of the event 
E,’, at which the light falls on D,, will be 0 in the 
D, system, { (1/2(—2zB/c + z/cB) in the B, system, 
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and 1/2(—2/cB + xB/c) in the CO, system)}. Since 
D, is at rest with respect to A » D, is 

with A, if it actually reads 0 at this event. Let 
this be so. Then, by hypothesis, B,, C, and D, will 
be coincident and will all read 0 at the event £,’. 
{ (Hence B, will be slow and C, fast) } by the same 
amount, viz., 2(1/8 —8)/2c, at the event £,’.”’ 

If Prof. Dingle had used again the same two 
Lorentz transformations that gave him his (correct) 
values for the times of events Z,’ and EH,’ (emission 
and absorption) as measured in the rest systems of 
B, and C,, he would have found that the reflexion 
#,' occurs at zero time in those as well 
as in the D, system; therefore clocks B, and 
C, are neither slow nor fast, but are both ‘on 
time’. 

Prof. Dingle’s criterion, the use of the expression 
ts = 4(t, + ¢t,) to synchronize @ local stationary 
clock with a distant moving clock, is incompatible 
with the Lorentz transformation, and has never 
before been used, either in Einstein’s first paper’, 
or in any subsequent conventional presentation’. 
Einstein used the above expression only to define 
‘synchronous stationary clocks located at different 
places’’’?. To synchronize clocks in two co-ordinate 
systems in uniform relative motion he used an 
entirely different proeedure—the setting to zero of 
just one clock in each system at the instant when 
these two particular clocks pass one another and 
are at the same place. (These clocks are usually taken 
to be at the origin of co-ordinates in each system.) 
These two types of synchronizations, and the in- 
variance of c, determine the Lorentz transformation. 
completely. There is no more freedom to satisfy 
Prof. Dingle’s criterion. Straightforward application 
of the Lorentz transformation to Prof. Dingle’s ex- 
ample shows that in B,’s rest frame the reflexion Z,’ 
occurs in general at t, = Hts + t,) -— HV ie)(ts — t,). 
Prof. Dingle, by using his incorrect criterion instead 
of the Lorentz transformation, omitted the term in V. 
Insertion of Prof. Dingle’s (correct) values for t, and 
t, leads to t, = 0. Similarly, in the C, frame, applica- 
tion of the Lorentz transformation shows that £Z,’ 
occurs at zero time. The reflexion therefore occurs 
at zero time in all three frames. 

The remainder of Prof. Dingle’s derivation is 
correct, and shows, after correcting the above error, 
the usual result—that the special theory of relativity 
predicts that the asymmetrical age difference acquired 
in the round trip is twice that acquired in the out- 
going one-way trip (if the return trip is taken at 
the same velocity). 

In summary, Prof. Dingle’s regrettable error is. 
completely accounted for by his failure to notice 
Einstein’s clear and explicit statement in section 1 of 
his famous paper’, that the synchronization there 
defined applies only to clocks having no relative 
motion. 

We must now consider Prof. Dingle’s qualitative 
argument, since it is at first sight rather convincing. 
Furthermore, Prof. Dingle has himself said that if 
some error were found in his quantitative argument 
(as I have done), then he would still believe in the 
qualitative argument. 

Prof. Dingle argues that we cannot distinguish by 
any experiment which brother remains ‘at rest’,. 
during the round trip, because, he says, acco 
to the principle of relativity only the relative motion 
of the brothers has any physical meaning. It is. 


therefore, he says, a matter of arbitrary convention 
which brother we regard as being at rest. It follows. 
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that any observed asymmetry would lead to a con- 
tradiction with the principle of relativity, since we 
could use the asymmetry to determine which brother 
remained at ‘absolute rest’. 

This argument is wrong. It holds only for con- 
tinued uniform relative motion. For general motion, 
including relative accelerations (which are, of course, 
necessary if the brothers are to start and end with 
no separation in space, and no relative velocity), 
one must consider also the (relative) motion of the 
brothers with respect to an important third body— 
the remaining matter in the universe. This was first 
demonstrated experimentally by Newton with his 
famous water-pail experiment. Newton showed that 
for accelerated motion (here circular), the Earth, and 
every frame in uniform motion with respect to the 
Earth, is a ‘preferred frame’, that is, one in which 
Newton’s laws are valid. For linear accelerations 
the same is obviously true, as can most easily be 
demonstrated by a modified experiment wherein a 
pail of water is connected by a spring to an equal 
mass of, say, lead. The whole system is placed on 
a frictionless surface and set into vibration. The 
behaviour of the liquid surface is completely different, 
depending on whether it is the lead weight or the 
pail of water that we then hold fixed with respect to 
the Earth, although the relative velocities and 
accelerations of the pail and lead are in either case 
the same. This experiment completely demonstrates 
the falsity of Prof. Dingle’s argument that only the 
relative motion of the brothers matters. Presumably 
in an otherwise empty universe Prof. Dingle’s 
argument would hold. 

Newton’s. conclusion from the water-pail experi- 
ment was that the Earth was in uniform motion with 
respect to ‘absolute space’. Mach, and later Einstein®, 
substituted ‘the distant galaxies’ for Newton’s un- 
satisfactory ‘absolute space’. By thus considering 
the ‘third body’—the remainder of the universe— 
the theory of relativity was extended to encompass 
accelerated relative motion of co-ordinate systems, 
so as to eliminate the unsatisfactory favoured role 
taken in the special theory of relativity by the 
‘mertial frame’. Once that role has been so clarified, 
however, we are again free to calculate with the 
concepts of special relativity, even in problems in- 
volving relative accelerations. 

In the clock paradox trip, the source of asymmetry 
is not the relative acceleration of the two twins ; 
rather, it is the relative acceleration of each twin 
separately with respect to the ‘third body’—the 
inertial frames (all frames in uniform motion with 
respect to the distant galaxies). The ‘stay at home’ 
twin remains in uniform motion with respect to the 
universe, not to ‘absolute space’, and the principle 
of relativity is satisfied. (It does not matter whether 
the travelling twin is regarded as accelerated with 
respect to the universe and the stay-at-home twin, 
or whether, instead, the universe and stay-at-home 
twin are accelerated.) 

In working out the problem by the use of the 
concepts of special relativity alone, the trip can be 
chosen in such a manner that the duration of the 
acceleration periods has a negligible effect on the 
relative asymmetrical ageing, so that the accelera- 
tions need not be considered explicitly im working 
the problem*. Nevertheless, the accelerations 


completely determine the problem, through the 
crucial (though somewhat hidden) role of the inertial 
frame as “a frame in which special relativity 
holds’’4s1®, 
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I would like to express my appreciation to Prof. 
Edwin M. MeMillan for a number of useful discussions, 
Frank 8S. CRAWFORD, JUN. 
Radiation Laboratory, 
University of California, 
Berkeley 4. 


* Einstein, A., Ann. Physik., 17, 891 (1905). All the 
ublications of Albert Einstein to which I refer in this article are 
‘ound in a gg translation in the recently 
by H. Lorentz, A. Einstein, H. Minkowski and H. Weyl, “The 
Principle of Relativity” (Dover Publications, Inc.). 

* Dingle, H., Nature, 177, 782 (1956). 

* McCrea, W. H., Nature, 167. 680 (1951). 

* Einstein, A., Ann. Physik, 17, 891 (1905), see sec. 1, first sentence, 

* Dingle, H.; McCrea, W. H., Nature, 178, 680 681 (1956). Dingle, H., 
ature, 179, 865 (1957). 

* Dingle, H., Proc. Phys. Soc., A, 69, 925 (1956). 

* Einstein, A., Ann. Physik, 17, 891 (1905), see last half of sec. 1. 

ba mb” “The Theory of Relativity” (Oxf. Univ. Press, London, 


* Einstein, A., Ann. Physik, 49, 769 (1916), see sec. 2. 
** Einstein, A., Ann. Physik, 49, 769 (1916), see sec. 1, first paragraph. 


See sec. 4, 


Plane Gravitational Waves in General 
Relativity 


POLARIZED plane gravitational waves were first 
discovered by N. Rosen!, who, however, came to the 
conclusion that such waves could not exist because 
the metric would have to contain certain physical 
singularities. More recent work by Taub* and 
McVittie* showed that there were no unpolarized 
plane waves, and this result has tended to confirm 
the view that true plane gravitational waves do not 
exist in empty space in general relativity. Partly 
owing to this, Scheidegger‘ and I* have both ex- 
pressed the opinion that there might be no energy- 
carrying gravitational waves at all in the theory. 
It is therefore of interest to point out, as was first 
shown by Robinson® and has now been independently 
proved by me, that Rosen’s argument is invalid and 
that true gravitational waves do in fact exist. More- 
over, it is shown here that these waves carry energy, 
although it has not yet been possible to relate the 
intensity of the wave to the amount of energy carried. 

Rosen’s metric is 


ds* = (exp 29) (dt* — d&*) — u*® { (exp 28) dy? + 
(exp — 28) dt} (1) 
where u= 1 —&, B = B(u), 9 = 9(u) and 9’ = up” 
(dashes denoting differentiation). This metric satisfies 
the empty space condition Ry» = 0, but is not flat 
unless uB” + 28’ = u®8’*, Dr. Pirani has kindly 
informed me that, according to his criterion’, this 
space-time contains radiation, but no sources. 

The transformation 

u=t—§& =t —2@, (exp 2) (1 + &) =tt+a-— 
(y*? + 2*)ut, u(exp B) n = y, u(exp — B) F =z 
is non-singular for u > 0 and turns (1) into 
ds* = dt*? — dc* — dy* — dz? + 28’ [ (ydy — 2zdz) 
(dt — dx) — (y* — 2*) (dé — dz)* (¢ — z)-*)] — 
8’? (t® — x*) (dé — dz)* (2) 
where use has been made of the empty-space con- 
dition. 

It is clear that if 8’ = 0 except for a finite positive 
range of u (and 8’ is continuous everywhere) then 
there is a non-flat region of space between two flat 
ones, that is, we have a plane-wave zone of finite 
extent in @ non-singular metric satisfying Lich- 
nerowicz’s criteria‘. 

Consider now a set of test particles at rest in metric 
(2) before the arrival of the wave. Then, after the 
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of the wave, the particle that was at rest at 
(toy Yo: Zo) Will have the velocity 4-vector : 


$ (exp a) (1 + b*y,? + c*z,*) + 4 (exp — a), 
4 (exp a) (1 + b*yo* + c*zo*) — ¢ (exp — a), 
QO 
Choy 
where @ and 8 have been assumed to vanish in front 
of the wave and to be constant behind the wave, 
the value of @ then being 4a, while 


b=(exp B) J du exp {—2 (@—B) } B’(2—uB’)u-, 

= —(exp—6) J du exp { —2(9+8)} B(2-+up) w+, 
both integrals being extended through the entire 
wave-zone. Clearly, this system of test particles in 
relative motion contains energy that could be used, 
for example, by letting them rub against a rigid 
friction disk carried by one of them. 

To evaluate the amount of available energy carried 
by the wave it would be necessary to evaluate the 
reaction on the wave of massive particles moved by 
it, and so far this is unknown. 

The more general wave with a variable plane of 
Peg gcsal given by 

= (exp 29) (dx* — dé) — (x — &)* [cosh (28) 
(dn? + dt*) + sinh (28) cos (26) (dy* — dt*) — 
2 a (28) sin (20) dydZ]j 
(where 9, 6, 6 are all functions of + — &) has also 
been examined. For this wave the empty-space 
condition is 

29’ = (t — §)[8* + 0” sinh* (28) ] 

Full details of work proceeding at this College on 
gravitational waves will be published elsewhere. 


H. Bonp1 
King’s College, Strand, 
London, W.C.2. March 24. 
* Rosen, N., P 5. subg Cute, 366 (1937). See aie, Mins 
A., and ty N., J Franklin Taal, 228. 48 { 937). _— 
seek” A. H., Ann, Math., 63, 472 (1951). 
* MeVittie, G. C., J. Rational Mech. and Analysis, 4, 201 (1955). 
‘ Cele. A. E.. Reo. Mod. i , 451 (1953). See also Brditka, 
M., Roy. Irish Acad., 187 (1951). 
* Bondi, H., various contributions to discussions at the International 
Conference on Gravitation, Chapel Hill, N.C., 1957. 
* Robinson, I. (to be published shortly). 
’ Pirani, F. A. E., Phys. Rev., 105, 1089 (1957). 


* iestowies, A., “Théories relativistes de la gravitation et de 
réh étisme” (Paris, 1955). 





Direction of the Friction Force 


Ir is universally assumed that the force resisting 
the sliding of one body over another acts in a direction 
opposite to the relative velocity. However, no recent 
test of this law appears to have been carried out, 
and it seemed worth while setting up a simple 
experiment to measure any possible transverse 
component of the friction force. 

The apparatus was similar to that described earlier’, 
and consisted of a hemispherically ended } in. 
diameter steel rod pressed by means of a dead weight 
on to the flat surface of a rotating 3-in. diameter 
steel disk. For this experiment the arm holding the 
rod was mounted on a dynamometer capable of 
measuring independently forces in two directions at 
right angles*, and the signal from its strain gauges 
was fed into a Sanborn 2-channel recorder. The 
rod was carefully arranged in relation to the disk 
so that the ordinary friction force F’, effected one 
channel of the recorder only, and thus if any com- 
ponent F; acted transversely it would be detected 
by the other channel. 
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Fig. 1 shows the trace obtained from this channel 
under typical sliding conditions, ‘load 1,000g, speed 
5 cm./sec., lubricant a machine oil. Transverse 
friction forces of up to + 6g are observed during the 
first revolutions, reaching extreme values twice per 
revolution as the rider crosses diagonally the uni- 
directional lapping marks (height 10 pin. r.m.s.) on 
the disk. If sliding is continued over the same track 
these effects soon disappear, but random fluctuations 
of up to + 2g persist and seem to be caused by 
off-centre contact of asperities on the two surfaces. 
During this run the ordinary friction force remained 
rather steady at 122 + 6g and the two sets of fluctua- 
tions were independent. 

The ratio of transverse to ordinary friction force 
F,/F >», 0:05 as observed initially, corresponds to 
friction forces diverging by 3° from their generally 
assumed direction, while even after some time values 
of P,/F, of 0-017, corresponding to fluctuations in 
direction by 1°, are common. These values of F;/F', 
are of the same order of magnitude as is the parameter 
o/F', denoting intrinsic fluctuations in magnitude of 
the ordinary friction force? and seem to arise in a 
similar way, and hence it is probable that, as for the 
latter ratio, much larger values are possible in the 
extreme case of very rough surfaces and very low 
loads. 

The results suggest that for most purposes the 
friction force may continue to be assumed co-linear 
with the sliding direction. The new friction para- 
meter F; seems to lend itself well to two uses ; first, 
by studying the rate at which the systematic com- 
ponent of the friction force disappears during con- 
tinued sliding over the same track, it is possible to 
estimate the rate at which the initial surface con- 
figuration is changing without having to stop the 
experiment to examine the surfaces microscopically ; 
secondly, the F; trace can be analysed by auto- 
correlation techniques, with the important advantage 
over the F, trace used in earlier work*® that the 
fluctuating component, of interest for this purpose, is 
unaccompanied by a large constant term. 

Thanks are due to Prof. B. G. Rightmire for helpful 
supervision of this work, Prof. N. H. Cook for the 
loan of the dynamometer, and the U.S. Office of 
Naval Research for financial support under contract 
Nonr-1841(33). 

ERNEST RABINOWICZ 
Department of Mechanical Engineering, 
Massachusetts Institute of Technology, 
Cambridge, Mass. Feb. 15. 


1 Rabinowicz, tmire, Tedholm and Williams, Trans. Amer. Soc. 
Mech. Eng., 77, 981 (1955). 

* Loewen and Cook, Proc. Soc. Exp. Stress Analysis, 18, 57 (1957)- 

* Rabinowics, J. App. Phys., 27, 131 (1956). 
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A Method for the Determination of the 
Configuration of Organic Molecules using 
*‘Stereo-selective Adsorbents’ 


Ir is possible to prepare silica gels in the presence 
of an organic substance, for example, methyl orange, 
in such @ manner that the dried extracted gel exhibits 
greater adsorptive power for the dye than a gel pre- 
pared in its absence’, A specific silica gel has been 
used to effect a partial resolution of camphor 
sulphonic acid?. 

We now report the preparation of ‘stereo-selective 
adsorbents’ suitable for application to the allocation 
of configurations to stereoisomers. The adsorbent is 
prepared in the presence of a suitable reference com- 
pound of known configuration. After treatment, 
such a ‘stereoselective adsorbent’ exhibits higher 
adsorptive power for isomers of configuration related 
to the reference substance than -for their respective 
stereoisomers, provided their structures are not too 
dissimilar from that of the reference compound. 

The following example illustrates the principle of 
the method and demonstrates the degree of con- 
figurational selectivity of suitable ‘stereoselective 
adsorbents’. Silica gel was prepared in the Legos 
of quinine, partially dried, partially extracted with 
methanol, dried, powdered and then extracted with 
methanol until no more alkaloid was released from 
the powder. This process yields an adsorbent the 
surface of which appears to contain molecular im- 
prints of the desired con- 
figuration. A control gel 
prepared similarly, but in wo |- 
the absence of quinine, ad- 
sorbs this alkaloid from solu- 
tion less readily than does 
the ‘stereo-selective adsorb- 
ent’; the latter adsorbs 
quinine much more readily 
than its stereoisomer, quin- 
idine (see Fig. 1). This 
adsorbent may now be used 
to distinguish between the 
configuration of stereoiso- 
mers of structure not too 
dissimilar from that of quin- 
ine; for example, cinchon- 
idine (configurationally re- 
lated to quinine) is adsorbed 
more readily than its stereo- 
isomer, cinchonine (config- 
urationally related to quin- 
idine) (see Fig. 1). 

It is possible to obtain 
reproducible results with a 
given batch of adsorbent ; 
batch-to-batch variation is 
not great if the conditions 
of preparation are strictly 
controlled (see Table 1). 
Even when batch variation 
occurred, the relative ad- 
sorptive power for the differ- 
ent isomers remained of the 
same order. 

In Table 1, the results 
of the adsorption of iso- 





Concentration adsorbed (moles x 10° per kgm. of adsorbent) 
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Table 1. ADSORPTION OF STEREOISOMERS ON A QUININE-SELROTIVER 
ADSORBENT AND A QUINIDINE-SELECTIVE ADSORBENT 


1 gm. of adsorbent used to 10 gm. of solution (25-0 x 10-* mo! 
per kgm. in § per cent acetic acid) oe 





Uptake expressed as moles x 10*/kgm. of 
adsorbent of 


Batch 
Adsorbent No. 
= : 





Quinine- 217 160 163 207 
selective 
adsorbent 161 167 200 

Quinidine- 194 224 218 190 
selective 


adsorbent 196 228 215 193 



































Table 2. ADSORPTION OF STEREOISOMERS ON A QUININE-SELBOTIV x 
ADSORBENT 
1 gm. of adsorbent used to 10 gm. of solution (50-0 x 10-* mole 
per kgm. in 5 per cent acetic acid 
Uptake pe as M x 7. of adsorbent of : 
9-Deoxy- 9-Deoxy- 9- 


9-Deoxy- Deoxy- 9-Deoxy 
— = — cinchontdine = auitenidine 


expect, this adsorbent shows a greater selectivity for 
quinidine and cinchonine than for their respective 
stereoisomers, quinine and cinchonidine. 

The uptake of various isomeric pairs of quinine- 
type compounds on a ‘quinine-selective adsorbent’ 
is recorded in Table 2. Compounds of like configura- 
tion to quinine (9-deoxyquinine, 9-deoxycinchonidine 
and 9-deoxyquitenine) are adsorbed to a greater 
extent than their corresponding stereoisomers (9- 
deoxyquinidine, 9-deoxycinchonine and 9-deoxy- 


Quinine on quinine- 
selective adsorbent 


Cinchonidine on 
———— 


uinidine 
1 U} inchonine 
Cinchonidine 
on control 
adsorbent 


i 





mers in a typical experi- 
ment using a ‘quinidine- 
selective adsorbent’ are also 


recorded. As one would me, 1. 


12 16 20 


2 
Concentration in residual solution (moles x 10* per kgm. of solution) 
Adsorption of various a on _———— adsorbents and control adsorbents 
es) 


its for numerous ba’ 
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quitenidine), although the degree of discrimination 
by this adsorbent for one isomer of each is less 
pronounced than for those isomers recorded in Table 1. 
However, the discrimination is sufficient to permit 
assignment of configuration to be made from the 
results. 

Efficient ‘stereo-selective adsorbents’ have been 
obtained for optical and geometrical isomers of 
various classes of compounds, for example, alkaloids, 
morphinans; details of the preparation of these 
adsorbents and their application in configurational 
analysis will be given elsewhere. Investigation of 
such ‘selective adsorbents’ as models for biological 
receptor surfaces* is in progress, and their use in 
chromatographic separations is being explored. 

We are grateful to Prof. H. Veldstra, Combined 
Quinine Works, Amsterdam, for kindly supplying 
certain of the isomers used in this investigation. 

A. H. BEcKETtT 
PaTRICIA ANDERSON 
Chelsea School of Pharmacy, 
Chelsea Polytechnic, 
Manresa Road, 
London, 58.W.3. 
» March 4. 
1 
Vynotakii i ont Polvehov, Siw. fe , Khim, 98, 1001, (106 (1956). ». Dicer. 
%8, re (1955). Also re uae cited in those 2. 
* Curti, Colombo and Clerice, Gazz. chem. ital., 88, 491 (1952). 
* Beckett and Casy, J. Pharm. Pharmacol. 6, 986 (1954). 
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Boron Phosphide, a III-V Compound of 
Zinc-Blende Structure 


THE application of the semi-conducting properties 
of germanium and silicon in devices of great technical 
importance has in recent years stimulated interest 
in the III-V compounds’. Compounds of the group 
III elements aluminium, gallium and indium with 
the group V elements phosphorus, arsenic and 
antimony have the cubic zine-blende structure, which 
is closely related to the diamond structure of the 
group IV elements carbon, silicon, germanium and 
grey tin. The nitrides of aluminium, gallium and 
indium have the hexagonal wurtzite structure. The 
nitride of boron, the lightest, of the group IIT elements, 
has a graphite-like hexagonal layer lattice. 

It has been reported recently* that the General 
Electric Company in the United States has succeeded 
in synthesizing ‘borazon’ crystals, that is, boron 
nitride with the zine-blende structure, which are said 
to be harder than diamond. While, apparently, very 
high pressures are necessary for the formation of 
these, we have prepared boron phosphide (BP) of 
zine-blende structure by the reaction of boron and 
red phosphorus in an evacuated, sealed silica tube 
at 1,100°C. In order to limit the vapour pressure 
of phosphorus, the cooler end of the tube was kept 
at approximately 450° C., corresponding to a pressure 
of about two atmospheres. Analysis of the reaction 
product by X-ray diffraction showed a zinc-blende 
structure, with a lattice parameter (a = 4:55 .A.) in 
very good agreement with the covalent tetrahedral 
radii given by Pauling (rp = 1:10 A., rg = 0-88 A., 
4-57 A.). 

Boron phosphide does not seem to have been 
mentioned in the literature since the end of the last 


century*, when the existence of BP and B,P, were 
quoted. 


ok lpg 84) 
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Traces of tungsten carbide, originating from the 
mortar, were present in our X-ray diffraction photo- 
graphs, which indicates the high abrasiveness of BP. 
By analogy with borazon and diamond, one would 
expect BP to be harder than SiC and to have also a 
larger energy gap‘. These and other physical and 
chemical properties are now being investigated. 

We are grateful to Dr. A. T. Green, director of 
the British Ceramic Research Association, for per- 
mission to publish this communication, and to the 
Ministry of Supply for financial support of this work. 

P. PoPpPER 
T. A. Inerzs 
British Ceramic Research Association, 
Queens Road, Penkhull, 
Stoke-on-Trent. March 22. 
* Welker, H., Z. f. Naturf., 7a, 744 (1952); 8a, 248 (1953). 
* For Te The cau _ 8, Feb. 14, 1957. 
* Moissan, vr C.R. Paris, 118, 624, 726, 787 (1891). 
Besson, A., ibid., tis? 78 Sigel) 
* Herman, i, a Electronics, 1, 103 (1955). 


Use of Organic-Montmorillonite Com- 
pounds in Gas Chromatography 


Tue development of the various forms of gas 
chromatography has resulted_in a search for more 
selective stationary phases and adsorbents. In 
partition chromatography there appears to be a 
limit to the selectivity which can be obtained with 
solution forces, for as yet no stationary phase has 
been found which will separate close-boiling isomers 
such as meta- and para-xylenes. As it is to be ex- 
pected that surface forces would show more select- 
ivity, adsorption chromatography appears the most 
promising technique for these difficult tions. 
In this respect the recent work of Janak', in which 
he uses xeolite as an adsorbent, is interesting. This 
mineral has a three-dimensional lattice with replace- 
able cations, and a certain amount of variation in the 
separation characteristics may be achieved by re- 
placing the naturally occurring sodium ions by silver 
or manganous ions. 

In a similar manner montmorillonite has replace- 
able cations; but in addition an expansion of the 
lattice can occur in the c-axis, so that the sodium 
ions can be replaced by large organic cations, such 
as amines and aromatic bases*. As the cation exchange 
capacity of any one montmorillonite is constant, the 
area of the clay covered by organic material is 
dependent upon the size of the ion, and can vary 
from 30 per cent covered with the tetramethyl am- 
monium ions* to total coverage with dimethyl] diocta- 
decyl ammonium ions. It follows from this that it 
is possible to vary the following characteristics of 
these organo-clay compounds. (1) The amount of the 
clay surface covered by the organic ion. (2) The c-axis 
spacing of the lattice (this is_partly dependent upon 
(1) ). (3) The type of organic base, aliphatic aromatic, 
etc., and where other functional groups are present 
in the basic molecule these will be spatially localized. 
Thus, starting from montmorillonite, it is possible to 
prepare @ large range of adsorbents the surface 
structure of which is known, which should greatly 
facilitate the study of separation by surface forces. 

Preliminary experiments with a montmorillonite 
totally covered with the paraffinic chains of a 
quaternary ammonium compound have confirmed 
the expectations outlined above. 

Table 1 shows that a good separation is obtained 
between the paraffins and aromatics, but rather 
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Table 1 





Relative retention volumes at 80° C. 
Liquid paraffin Amine-treated clay 


Benzene 1-00 
Toluene c 
Hexane 





Component 





“69 
10 
17 


1 
o- 
0- 
0- 


Heptane 

















more surprising is the fact that the shape of the elution 
curves and the heats of adsorption indicate that with 
the paraffins partition chromatography is occurring 
but with the aromatics some type of adsorption 
chromatography. 

Fuller details, together with a theoretical explana- 
tion of this phenomenon, will be published later. 

I wish to thank Prof. A. L. Roberts for his support 
of this work, and the Coal Tar Research Association 
for financial assistance. 

D. Wurre 
Dept. of Coal Gas and Fuel Industries 
with Metallurgy, - 
University, Leeds. Feb. 25. 
+ Janak, J., “Vapour Phase Chromatography on Zeolites”, Symposium 
on Vapour Phase Chromatography, London (May 1956). 
*Grim, R. i — Mineralogy”, 250 (McGraw-Hill, 1953). 


* Barrer, R. and MacLeod, D. M., Trans. Farad. Soc., 51, Pt. 9, 
1290 ot. 1955). 


Improvements in the Technique of 
estimating Amino-Acids (and Other 
Substances) by Paper-Sheet Chromato- 
graphic Methods 


In connexion with a programme of studies of the 
relationships between biochemical and ethnological 
differentiations (some aspects of which have already 
been discussed’) ing in this Department, we 
wished to explore the possibility of improving existing 
procedures for the estimation of amino-acids separated 
on paper chromatograms*, before beginning an in- 
vestigation of the patterns of urinary excretion of 
amino-acids by normal members of various ethnic 
groups living in Malaya. 

In our work, which has been confined to amino- 
acids (taurine and glutamine are included here), we 
have found it both highly desirable and possible to 
standardize and control closely the conditions in 
respect of the following: (1) the size, on the filter- 
paper, of the initial spot of liquid containing the 
mixture of amino-acids to be submitted to chromato- 
graphic separation; (2) the compositions of the 
mobile and stationary liquid phases employed in the 
two-dimens‘»nal chromatography, as well as the tem- 
perature of operation and the extents of traverse of 
the mobile phases; (3) the basicity and solvent 
properties of the solution of ninhydrin (used in de- 
veloping colorations); it contains a small amount 
of lutidine and so high a proportion of chloroform 
as to render it a very poor solvent for the amino- 
acids on the paper when the latter is immersed ; 
(4) the humidity, temperature and other factors 
connected with the air-space in which the ninhydrin- 
treated papers are heated, as well as the time of 
heating. 

We have found it most desirable, also: (a) to em- 
ploy a circular, small-orifice type of densitometer 
designed to estimate (by transmission) the maximum 
light absorption achieved by a band of the ninhydrin — 
amino-acid reaction products, and to avoid the use 
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of slit-orifice densitometers ; (6) to bleach the band 
(we use chlorine, and remove excess by exposing the 
paper to air) and re-measure the light absorption 
after replacing and reorientating the paper in the 
densitometer in the position formerly yielding maxi- 
mum absorption, employing the result to correct for 
the absorption by the paper, with all its irregularities 
of texture. 

In these circumstances, we find that with a tungsten 
filament light-source (unfiltered) the corrected light 
absorptions tend to be very similar for equimolecular 
quantities of various amino-acids and that the means 
of values derived from triplicate chromatograms on 
filter-paper of Whatman No. 1 type, for quantities 
of amino-acids in the range 2-20 millimicromoles, 
have standard errors of only about 8 per cent. 

Our work thus far on urinary excretion suggests, 
among other things, that the frequency with which 
high levels of excretion of B-amino-isobutyric acid 
occur among adult male subjects of largely Mongoloid 
derivation is very much greater than prevails among 
those of largely Caucasgoid origin. The question 
whether a sharp dichotomy* in excretion levels of 
this amino-acid does exist may be decided relatively 
easily with the aid of this procedure. 

It is hoped to publish in the near future a full 
account of the methodological studies and of the 
preliminary work based on small samples drawn from 
a few of the ethnie®groups available in Malaya. 

J. W. H. Luce 
E. McEvoy-Bowz 
Department of Biochemistry, 
University of Malaya, 
Singapore. Jan. 21. 
i A H., and M., Nature, 174, 1147 (1954) ; 


Bowness, J. 
‘me » LD, Int. Biochim., 16-12 (1955). Bowness, J. M., $éme 
Cong. Int. Int. Biochim, 16-13 (1955). Lugg, J. W. H., and Whyte, 
om Gon. 19, 290 (1955). 


* Block, R. a paanain , and Zweig, G “A ome aah of Paper 
Chromatography 4, Pues tls Electrophoresis” ic Press, 
Inc., New York, 1955). 


* Harris, H., Ann. Eugen., 18, 43 (1953). 


Titration and Spectrophotometric Studies 
upon Polyadenylic Acid 

Tue structure of polyadenylic acid can be expected 
to have some influence on the availability of polar 
groups, such as the primary amino-group of the 
adenine base, for binding of hydrogen ions. Titration 
and spectrophotometric studies of polyadenylic acid 
under a variety of conditions indicate that the primary 
amino-group in the adenine base is free in alkaline 
solutions, and probably combines in what appears 
to be a salt linkage with a neighbouring phosphate 
group of another nucleotide in acid solutions. 

Polyadenylic acid was synthesized by the action 


of polynucleotide phosphorylase prepared from 


Micrococcus lysodeikticus'. Contaminating protein 
was removed by the method of Sevag*. Formalin- 

treated polyadenylic acid was prepared by the method 
of Fraenkel-Conrat*®. In Fig. 1 are shown the titration 
curves at 26°C. of polyadenylic acid in 0-01 N 
potassium chloride, formalin-treated acid in 0-01 N 
potassium chloride, and acid in 0-01 N potassium 
chloride plus 0-0022 M calcium chloride. The exten- 
sive binding of hydrogen ion commencing at approx- 
imately pH 6 by polyadenylic acid is greatly reduced 
for formalin-treated acid and acid plus calcium ions. 
Coincident with the strong binding at pH 6 is a 
corresponding change in the absorption curve of 
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polyadenylic acid (Fig. 2). The peak at 257 my is 
approximately 5-252 my, and the extinction 
coefficient, ¢y, is decreased from 11,500 to 9,000, as 
Fig. 2 shows. Given in Fig. 1 is the change in optical 
density at 257 my of polyadenylic acid with pH. 
A close parallel between the hydrogen ions bound 
and the change in optical density is apparent. This 
behaviour is quite different from that of adenosine 
monophosphate, the monomer, the ultra-violet spec- 
trum of which shows only a negligible change upon 
titration of the amino-group. The formalin-treated 
polymer has a maximum’ at 263 mp (¢p =13,600). 
From these studies we conclude that the primary 
amino-group of the adenine base is the hydrogen 
ion acceptor, inasmuch as the action of formalin 
upon the adenine base has been shown to be confined 
to the 6-amino group*»*. Also, since only one group 
is titrated between pH 6 and pH 4, it cannot very 
well be other than the amino-group. The availability 
of the primary amino-group to hydrogen ions increases 
rapidly with the number of amino-groups which 
have become ionized. The rate of hydrogen ion bind- 
ing is very slow. The marked alkaline displacement 
of the amino pK from that observed for adenosine 
monophosphate and the reduction of H+ binding by 
Cat+ suggests that coincident with the ionization 
of this amino-group is an association of the amino- 
group with a neighbouring phosphate group of 
another nucleotide and the formation of an ammon- 
ium phosphate salt linkage. This prevents the keto- 
enol tautomerism of the primary amino-group. As a 
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result, resonance structures which contain a double- | J | 
0 — 
e 210 250 290 
DP Wave-length 4 (millimicrons) 
12,000 Fig. 2. Ultra-violet absorption spectra for native and ——— 
treated polyadenylic on at neutral and alkaline p 
@. Native a in 001M KCl,pH 7:7; @, native aa in 
001M KCl, pH50; O, ecemdle treated acid in 0-01 M KCl, 
fu 50; 0, formalin-treated acid in 0-01 M KCl, pH 7:7 
11,000 bonded primary amino-group cannot make any 
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70 6-0 50 40 
pH 
1. Titration and spectrophotometric data for native and 
Kenia twaten polyadenylic acid. The left beer oa ves the 
number of hydrogenions bound per adenosine monophosphate unit. 
The right ordinate gives the extinction coefficient at 267 mz. 


, Titration curve for native acid “ 0-01 M KCl; ---, 

titration curve for formalin-treated acid in 0-01 M KCl; ...... 

titration curve for native acid in 0-01 M Ker a i tr "M Ca**: 

O, @p for native acid in 0:01 M NaOAc; ay native acid 
in 0-01 M NaOAc plus 0 0616 94 








contribution to the stability of the adenine base. 
Therefore, the absorption peak decreases and shifts 
to a shorter wave-length. Formalin treatment and 
Ca++ linkage prevent the optical shift by blocking 
the linkage of the amino-group with the phosphate 


410,000 group. Ca++ presumably operates by binding at the 


phosphate group. 

We wish to acknowledge the assistance rendered by 
Dr. Sidney Bernhard in making available to one of 
us (R. F. 8.) the apparatus used in some of the titra- 
tion experiments, and for numerous helpful dis- 
cussions and criticisms. The presence of a hydrogen 
ion binding group with a pK in the vicinity of pH 6 
was first brought to our attention by Dr. R. 8. 
Morgan (private communication). The work has been 
supported in part by the Bowles Research Fund, by a 
grant from Miles Laboratories, Inc., Elkhart, Indiana, 
and by Public Health Grant No. C-3293, National 
Cancer Institute, National Institutes of Health. 

Routanp F. BEERS, JUN. 
Robert W. Johnson Laboratory, 
Bowles Research Fund, 
Children’s Hospital School, 
Baltimore 11, Maryland. 
Rospert F. STEINER 
Naval Medical Research Institute, 
National Naval Medical Center, 
Bethesda 14, Maryland. 
1 Beers, jun., R. F., Biochem. J. (in the press). 
* Sevag, M. K., Biochem. Z., 278, 419 (1934). 
* Fraenkel-Conrat, H., Biochim. et Biophys. Acta, 15, 307 (1964). 
‘ Steiner, R. F.,.fand Beers, jun., R. F. (to be published). 
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Identity of ‘Nudic Acid B’ and ‘Diatretyne Il’ 
In 1946 two crystalline acidic antibiotics (‘nudic 
acids A and B’) were isolated from the culture 
medium of the basidiomycete Tricholoma nudum 
(Bull.) Fr. and some preliminary work on their 
respective constitutions was carried out!. It has now 
been shown that ‘nudic acid B’ is identical with 
‘diatretyne II’ (7-cyano-trans-hept-2-en-4 : 6-diynoic 
acid (I)), which is produced by another fungus, 
Clitocybe diatreta*, and which has been obtained 
synthetically (Ashworth, Jones, Mansfield, Schlégl, 
Thompson and Whiting, unpublished work). 


HOOC—CH=CH—C =C—C=C—C=N 
I 


A sample of the original ‘nudic acid B’ (10 mgm.) 
was used for establishing the identity. This had been 
stored in darkness for ten years without any special 
precautions against decomposition and had gone 
black due to surface polymerization. However, 
when the sample (10 mgm.) was esterified with 3 per 
cent methanolic sulphuric acid the methyl ester 
(5 mgm.) was obtained, which was shown to be 
identical with synthetic material (mixed melting 
point (102-104° C.), ultra-violet and infra-red absorp- 
tion spectra). 

N. G. Heatley 
Sir William Dunn 
School of Pathology, 
Oxford. 


J. S. STEPHENSON 
The Dyson Perrins 
Laboratory, 
Oxford. 
March 5. 
Florey, Chain, Heatley, Jennings, Sanders, Abraham and Florey, 
“Antibiotics”, 358 (Oxford University Press, 1949). 
* Anchel, Science, 121, 607 (1955). 


Structure of Conjugated Methyl 
Linoleate Hydroperoxide 


ArTTEmptTs to find the position of the hydroperoxide 
group of methyl linoleate hydroperoxide by perman- 
ganate oxidation of esters and ethers of the hydroxy 
component which is produced by reducing the hydro- 
peroxide with stannous chloride have not been 
successful. Recently, it has been reported that the 
hydroxy component formed by reduction of the 
hydroperoxide can be dehydrated’. This reaction 
has been confirmed, but it has been found that a 
more complete conversion occurs when the reaction 
mixture is boiled for half an hour in an atmosphere 
of nitrogen. 

A peroxide mixture obtained from partially autoxi- 
dized methyl linoleate by partition between petrol 
ether (boiling-point 40°—60°) and 95 per cent methanol 
was reduced to the hydroxy component by stannous 
chloride. The component, having an absorption band 
at 1232 my (H(1%, 1 cm.) 238) and therefore con- 
taining only a proportion of conjugated diene, was 
dehydrated by boiling methanolic sulphuric acid 
(5 per cent). Most of the diene was converted to a 
conjugated triene. This component was separated 
from the rest of the material, which appeared to be 
@ hydroxy mono ethenoid compound, and the free 
acid was finally obtained in the pure state by crystal- 
lization from acetone at — 60° and petrol ether at 0°. 

This compound appeared to be identical with 
B-eleostearic acid spectroscopically, with maxima at 
258 my (H(1%, 1 em.) 1,570), 268-5 my (#(1%, 1 cm.) 
2,110) and 280 my (H(1%, 1 em.) 1,650) ; compare 
B-elwostearic acid (melting point 69°) with maxima 
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at 259 my (H(1%, 1 em.) 1,550), 268-5 my (H(1%, 
1 om.) 2,115) and 279-5 my (H(1%, 1 em.) 1,650) 
prepared according to the method of Hilditch!, 
However, its melting point (58-5°-66°) indicated that 
it was impure and probably a mixture of two very 
similar inseparable acids. 

Sufficient of the acid has been prepared to enable 
the position of the double bond nearest to the carboxy] 


to be determined by permanganate oxidation. The. 


dibasic acids thus obtained have been separated and 
identified chromatographically as azelaic and suberic 
acids. Crystalline specimens of the acids melted at 
105° and 141° respectively, that is, a little lower 
than the figures quoted in the literature, but no lower 
than samples available at the time, and there was 
no depression when like samples were mixed. How- 
ever, p-bromophenacyl esters were prepared which 
had the accepted melting points, namely, 130-5° and 
144° respectively, with no depression when the speci- 
mens were mixed with authentic samples of the esters. 
The conjugated triene obtained by dehydration of 
the hydroxy compound was therefore a mixture 
of 9,11,13- and 8,10,12-octadecatrienoic acids, and 
the hydroxy compound was consequently a mixture 
of 9-hydroxy, 10,12-octadecadienoic and 13-hydroxy, 
9,11l-octadecadienoic acids. It is assumed that the 
original hydroperoxide groups occupied the same 
position as the hydroxyl groups obtained on reduction. 
A more detailed account of this work, which is 

part of the programme of the Food Investigation 
Organization of the Department of Scientific and 
Industrial Research, will be published elsewhere. 

A. Banks 

J. N. Keay 

J. G. M. Smrru 


Torry Research Station, 


s oomeee H. H., and Sutton, D. A., J. Amer. Oil Chem. Soc., 38, 267 
* Hilditch, T. P., and Riley, J. P., J. Soc. Chem. Indust., 65, 74 (1946). 


Mucopolysaccharides of Human Nuclei 
Pulposi 


No detailed investigation of the mucopolysaccharide 
component of nuclei pulposi has been reported, but 
the combined results of several groups of workers!-* 
suggest that more than one type of mucopolysacchar- 
ide is present. The presence of at least three muco- 
polysaccharides in human nuclei pulposi is now 
reported, together with a simple method for their 
partial separation. 

Nuclei pulposi, from the last five lumbar disks of 
a subject aged seventy, were subjected to graded 
extraction as follows. The material was minced, 
suspended in water, and pulverized in a blendor. 
The suspension was filtered and the filtrate, after 
deproteinization by Sevag’s method, furnished frac- 
tion A. A second fraction (B) was isolated by shaking 
the insoluble residue remaining after aqueous ex- 
traction with 10 per cent calcium chloride solution 
at room temperature, and afterwards deproteinizing. 
Under alkaline conditions (0-5 per cent aqueous 
potassium hydroxide) further polysaccharide was 
extracted which yielded the largest deproteinized 
fraction (C). 

Chromatographic investigation of hydrolysates of 
fraction A indicated that major constituent sugars 
were glucosamine and galactose, which suggested that 
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Electrophoresis of human nuclei pulpest mucopo 
saccharides. Conditions: on Whatman wg paper, 0-1 
borate — (pH 10), 18 V./em. for 14 hbr.; deve oped with 
toluidine blue. (A) Fraction A; (B) fraction B ; (C) fraction C ; 
(D) chondroitin sulphate A ; (E) hyaluronic acid ; (F) kerato- 
sulphate G) fraction obtained by prolonged extraction of 

nuclei ? posi with 10 per cent aqueous calcium chloride 


this fraction contained predominantly a kerato- 
sulphate‘ type of mucopolysaccharide. This was 
supported by electrophoretic and infra-red studies. 
Fraction A migrated on the paper electrophoreto- 
gram in borate or carbonate buffer (pH 10) as a 
single discrete spot at a rate intermediate between 
that of chrondroitin sulphate and hyaluronic acid 
and equal to that of an authentic specimen of kerato- 
sulphate from bovine cornea (Fig. 1). The infra-red 
spectra of fraction A and keratosulphate were also 
similar, appearing as a composite tracing of pure 
chondroitin sulphates A and C with additional peaks 
at 823 and 770 cm.-!, Absorption bands at 825 and 
770 cm.-', which are also absent from the spectra 
of chondroitin sulphate B and hyaluronic acid, were 
noted by Malmgren and Sylven* in the spectra of 
extracts from bovine nuclei pulposi. In the hydro- 
lysate of one such fraction (NP 11), which was kindly 


sent to us by Prof. Sylven, we have been able to. 


demonstrate the presence of galactose. This finding 
and spectroscopic observations point strongly to the 
presence of keratosulphate in bovine, as well as 
human, intervertebral disk. 

Chemical and electrophoretic examination of 
fraction B suggested that this was mainly hyaluronic 
acid. However, it was not precipitated with pyridine’, 
a method believed to be specific for hyaluronic acid‘, 
and was clearly not identical with the hyaluronic 
acids isolated from other sources such as umbilical 
cord and heart valve. 

By similar methods the main component of fraction 
C was shown to be chondroitin sulphate (chondroitin 
sulphate A and/or C according to Meyer’s classifica- 
tion‘). 

These results indicate that, in the specimen of 
nuclear material examined, chondroitin sulphate, 
hyaluronic acid and keratosulphate types of muco- 
polysaccharide were present. It must be emphasized 
that the nuclei pulposi undergo drastic transformation 
during the ageing process, changing from a gelatinous 
fluid at birth to a desiccated mass in old age’, and 
it is quite possible that the relative and/or absolute 
amount of each mucopolysaccharide in the system 
undergoes a gradual change. Attention is being 
given to this possibility and to the further character- 
ization of the crude mucopolysaccharides. 

We are indebted to Prof. R. E. Tunbridge for his 
interest in this work, to Prof. K. Meyer for the 
generous gift of a sample of keratosulphate and to 
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Mr. F. Beaumont for technical assistance. We also 
thank the Bradford Education Authority and the 
Bradford Group ‘A’ Hospital Management Committee 
for the award of a joint scholarship to one of us 
(W. G. H.). 

D. A. Haut 

P. F. Luoyp* 


Nuffield Gerontological Research Unit, 
Department of Medicine, 
The University, Leeds 2. 


F. Haprpry 
W. G. Horton 


Department of Textile Industries, 
Technical College, 
Bradford. 
A. NayLor 
Royal Infirmary, 
Bradford. 


* Present address: Department of Chemis Universit; e 
of North Wales, Bangor yas a 5 ae 
? Meyer, K., in ““Modern Trendsin Ophthalmology”, 71 (London, 1948). 
“meinen H., and Sylven, B., Bi et Biophys. Acta, 9, 706 
* Gardell, 8., and Rastgeldi, 8., Acta Chem. Scand., 8, 362 (1954). 
“eS K., ‘Linker, a Davidson, E. A., and Weissmann, B., J. Biol. 

-, 205, 61i (1953). 
Pm Z., and Pirie, N. W., Biochem. J., 42, 260 (1948). 
* Deiss, W. P., een em A. 8., J. Biol. Chem., 215, 685 (1955). 
*Maogey. F , & ® and Naylor, A.,in “Nature and Structure 
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Resynthesis of Adrenaline and 
Noradrenaline in the Adrenal 
Gland of the Cat 


In a previous communication in Nature, Butter- 
worth and Mann! described some experiments on the 
rate of resynthesis of adrenaline and noradrenaline in 
the adrenal gland of the cat. This work showed that, 
after depletion of the glands with acetylcholine, there 
was @ considerable increase in the level of nor- 
adrenaline one week later, whereas the adrenaline 
showed but little resynthesis. Experiments have 
now been performed allowing a resynthesis period of 
one month. 

In these experiments the cat was atropinized and 
both glands were depleted of their amines by repeated 
intravenous doses of acetylcholine. One gland was 
removed as a control depleted gland, and the animal 
allowed to recover from the anzsthetic. After a 
period of one month, the second gland was removed 
and the adrenaline and noradrenaline contents 
determined biologically and chromatographically. It 
was found that by this time there was an equal 
percentage increase of both amines. The increase 
in noradrenaline was less and the increase in adrenaline 
was more than it was at seven days. 

From this type of experiment it was not possible 
to determine whether the adrenaline and noradrenaline 
in the second gland had regained their normal non- 
depleted levels. Hence, a second series of experiments 
was performed in which one gland was removed first 
of all as a normal, non-depleted control, and then 
the other depleted in the usual way. These experi- 
ments showed that by one month the adrenaline and 
noradrenaline in the second gland had returned not 
only to their initial proportions but also to their 
initial absolute amounts. 

Using information from both types of experiments, 
it is possible to show the overall picture diagram- 
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matically (Fig. 1). After two days there was some 
resynthesis of noradrenaline but not of adrenaline. 
At seven days the noradrenaline-level was very much 
greater than it was initially, whereas there was only a 
small amount of resynthesis of adrenaline. By one 
month the noradrenaline had decreased and the 
adrenaline had increased to their initial levels— 
appearing as though the noradrenaline had been used 
to synthesize the adrenaline. The diagram also 
shows that although it took a month for the adrenaline 
and noradrenaline to regain their initial proportions 
and amounts, the total amine content had returned 
to its initial level one week after depletion. 

It may be concluded that, under the conditions 
of these i ts, the rate of resynthesis of 
adrenaline and noradrenaline in the adrenal gland 
of the cat is slow, taking days and not hours. It 
appears that adrenaline is synthesized from nor- 
adrenaline and not independently. 

K. R. BurreRwortTH* 
Monica Mann 
Department of Pharmacology, 
School of Pharmacy, 
University of London, 
17 Bloomsbury Square, 
London, W.C.1. 
Jan. 24. 

* Present address: t of Pharmacology, St. Mary’s 
Hospital Medical School, don, W.2. 

2 Butterworth, K. R., and Mann, Monica, Nature, 178, 1234 (1956). 


Effect of Aeration of the Small Intestine 
on the Oxyhzmoglobin Content of Portal 
Blood 


Durie recent years, it has been suggested by 
various authors that anoxia of the liver is a condition 
underlying some pathological processes (traumatic 
shock, liver cirrhosis, etc.). About 75 per cent of 
blood supply to the liver is via the portal vein, which, 
however, contains desaturated blood. If it were 
possible to augment substantially the concentration of 
oxyhemoglobin in the portal blood without diminu- 
tion in the blood flow, it would be expected that the 
oxygen supply to the liver tissue would rise. Some 
attempts have been made to improve it by surgical 
procedures. Hay and Webb! lowered the mortality-rate 
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by 900 per cent in experimental shock in dogs by 
creating arteriovenous shunts on the splenic vessels. 
Clinical observations indicate that the supply of 
oxygen via the stomach may be of benefit to pre- 
mature babies. As the epithelium of the intestinal 
tube is permeable to gases and the extent of its surface 
area large enough, one can expect that portal blood 
can be enriched by oxygen introduced into the lumen 
of the gut. 

Our experiments were performed on anzsthetized 
(‘Thiopentene’ 0-2 ml./100 gm. body-weight), adult 
male rats, Wistar strain. After laparotomy, blood 
was sampled by puncture of the portal vein by glass 
micropipette. ‘The wall of the gut was punctured and 
10 ml. of gas was insufflated; this did not fill the 
gut farther than to the ileoceecal valve. The escape 
of gas by the oral route was prevented by ligaturing 
the pylorus. The oxygen content of the portal blood 
was determined before and at various intervals after 
the insufflation by the modified micro-Van Slyke 
method of Natelson*. Hemoglobin was estimated 
in the same sample by the spectrophotometric method 
of Heilmeier and Mutius. 

Fig. 1 presents the results of experiments in which 
the gut was insufflated by air, oxygen or nitrogen. 
After insufflation by air or oxygen, there is a con- 
siderable rise in oxyhemoglobin content of portal 
blood. The oxyhemoglobin values alone do not, 
however, represent the true amount of oxygen sup- 
plied to the liver. Volumetric measurement indicates 
that the amount of oxygen washed out from the lumen 
of the intestine was about twice as great with pure 
oxygen as with air insufflation. It can be assumed, 
therefore, that the perfusion of the gut must be 
greater if oxygen is being used. No nitrogen is washed 
out in the experimental period, which is in accord 
with the observations of McIver e¢ al.*. The small 
and transitory rise in oxygen content of portal blood 
after nitrogen is therefore probably due to opening 
of arterio-venous channels in the wall of the gut. 
These results seem to warrant the conclusion that 
insufflation by air or oxygen of the gut is a method 
suitable for increasing the oxygen content of portal 
blood. They also suggest that the blood flow through 
a selected section of gut can be measured by the 
application of Fick’s principle. Further work in this 
field is in progress. 

One may ask whether this increased supply of 
oxygen is of any effect on metabolic processes in liver 
tissue. In five non-fasted adult male rats (Wistar 
strain) anzsthetized with ‘Thiopentene’ (0-2 ml./100 
gm. body-weight) laparotomy was performed and 
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Fig. 2. Rise in glycogen content < oe liver after oe of 

10 ml. of oxygen into the smali intestine. Open circles, left : 
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animals. Black circles : — insufflated by oxygen 60 min. 
earlier 


oxygen (10 ml.) was insufflated into the gut. Five 
other animals were anzsthetized and laparotomized 
only. Sixty minutes later, the content of glycogen 
in the liver was determined by the combined methods 
of Nelson and Good, Kramer and Somogyi. Six 
normal animals were decapitated and the content of 
glycogen in the liver served as an initial value control. 
The results are to be seen in Fig. 2. In the liver 
of both control groups there is no difference in the 
content of glycogen. During the sixty-minute- period 
of increased oxygen supply through the portal blood, 
there occurs a rise of more than 200 per cent in 
glycogen content of the tissue. From these results 
it is apparent that the metabolic activity is affected 
by an increased oxygen supply. It may be expected 
that other metabolic processes in the liver tissue will 
be affected as well. Further biochemical analysis 
and the application of these observations to disturbed 
metabolic patterns of the liver are being carried out. 
O. Poupa 
M. Kopecky 
F. CuytTim 
Laboratory of Physiology and 
Physiopathology of Metabolism, 
Czechoslovak Academy of Sciences, 
Salmovské 1, Prague II. 
1 Hay, E. B., and Webb, J. K., Surgery, 28, 826 (1951). 
* Natelson, S., Amer. J. Clin. Path., 21, 1153 (1951). 


* McIver, M. A., Redfield, A. C., and Benedict, E. B., 
fea Physiol., 76, 92 (1926). 
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Culture of Tubal Ova 


Movuss ova at the eight-celled stage consistently 
developed into blastule when cultured in Krebs— 
Ringer bicarbonate containing glucose and crystalline 
bovine albumin’. It has since been shown that the 
bovine albumin may be replaced by egg albumin, or 
even by glycine (0-003 M) or other simple amino- 
acids and peptides. These findings indicate that 
mouse ova do not require any specific tubal factor 
at this stage, and that the conditions necessary for 
development closely resemble those which extend 
the functional life of the gametes of some marine 
invertebrates*. 

Two problems were encountered in these experi- 
ments. It was found difficult to manipulate the eggs 
in protein-free solutions, even when the glassware was 
treated with silicone compounds. Despite this, it was 
possible with care to wash them four times, making 
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Table 1 





| No. of ova | No. Pa a 


Medium } cultivated 





Ringer bicarbonate with 
cose and albumin 53 
Se -Ringer bicarbonate with | 
glucose and albumin plus 
1 mgm. equivalent of lactic 
acid/m]. 52 21 











it unlikely that any factor was provided by tubal 
secretions. It was also found that phenol red (0-02 
mgm./ml.) was toxic to ova in the amino-acid solu- 
tions, whereas even at higher concentrations it had 
no effect in the presence of albumin. 

The technique adopted was the same as previously 
described, except that the gas phase was adjusted 
before and after the addition of the eggs by flushing 
the chamber with 5 per cent carbon dioxide in air. 
When nitrogen was used instead of air, the eggs con- 
tinued to develop ; in oxygen they died. The toxicity 
of oxygen was not prevented by catalase and occurred. 
even when the medium contained glycine as the only 
amino-acid. It thus appears that the mechanism by 
which oxygen produces its effect is different from 
that observed for spermatozoa by Tosic*. 

Mouse eggs must depend on a maternal source of 
energy which can be supplied in vitro by glucose or 
mannose but not by fructose, galactose, maltose or 
lactose. Similarly lactate, pyruvate or malate sup- 
ported normal growth of blastule ; but under the 
conditions examined, acetate, propionate, citrate, 
glycerol or glycine failed to do so. During these 
observations it appeared that development was more 
rapid in the cultures which contained lactate. 

Hammond‘ observed that two-celled mouse eggs 
were refractory to in vitro cultivation and failed to 
develop more than four cells. This has been confirmed 
when they were cultured in Krebs—Ringer bicarbonate 
with glucose and albumin. However, cleavage and 
blastula formation were observed in a proportion of 
such eggs when calcium lactate (L+) was used in 
place of calcium chloride in the preparation of the 
Ringer, or if isotonic sodium lactate (prepared by 
neutralizing lactic acid B.P.) was added to the 
medium. 

Table 1 gives the results of a typical experiment 
for which the eggs were collected between 3 and 5 p.m. 
on the day following the observation of the copulation 
plug. Eggs from each mouse were distributed as 
equally as possible between the groups. 

It appeared that only those ova which are about 
to undergo the second cleavage responded in the 
presence of lactate; however, those which did not, 
retained normal morphology longer than the con- 
trols. Unfertilized eggs collected on the second day 
after ovulation frequently fragmented in medium 
containing lactate. 

It seems reasonable to assume that the egg mem- 
branes are permeable to lactate, since it can support. 
growth in culture. The beneficial effect of this sub- 
stance observed on two-celled eggs may have resulted 
from direct stimulation, or it may be due to the fact 
that essential lactic acid within the cell is not ex- 
tracted when the medium itself contains a sufficient. 
concentration. 

Environmental lactic acid, particularly as a product. 
of sperm glycolysis, may play a part in cleavage 
in vivo; and also perhaps in fertilization, as was 
suggested by Harter’. If this is correct, then a 
conditioning of tubal contents by spermatozoa may 
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be a necessary prelude to fertilization and cleavage. 
It may also explain the observations of Chang* and 
Austin’, which have been interpreted as a capacitation 
of the sperm. 
. W. K. Warrren 
John Curtin School of Medical Research, 
Australian National University, 
Canberra. 
Feb. 6. 

* Whitten, W. 7S. rong 177, 96 (1956). 
* Tyler, A. » $9, $24 (1950). Runnstrém, J., Monné, L., 

and Wicklund E., J. Coll. Sei., 1, 421 (1946). 
* Tosic, J., Biochem. See ana 7, 22 (1951). 
‘ Hammond, jun., J., Nature, 163, 28 (1949). 
* Harter, B. T., Anat. Rec., 10, 349 (1948). 
“Chang, M. C., Nature, 168, 697 (1951). 
” Austin, C. R., Nature, 170, 326 (1952). 


Stimulation of Hair Growth in Rabbits 

by lonizing Radiations 

In the course of experiments on tracing the location 
of radioactive phosphorus injected intradermally’, 
observations were made concerning the growth of 
hair. A series of rabbits was given a dose of 1,000 r. 
or 1,500 r. (100 kV., 7 m.amp., 2 mm. aluminium 
filter ; half-value layer, 0-11 mm. copper; focus—skin 
distance, 15-5 cm.) through a ‘new moon and six- 
pence’ pattern in a lead shield backed with ‘Perspex’ 
{@ circular area of 3 cm. diameter separated by a 
strip of skin | em. in width, from a crescent-shaped 
exposed area of skin also 1 cm. in width surrounding 
half its circumference), and a solution containing 
0-4 me. of radioactive phosphorus was injected within 
the circle immediately after exposure. 

It was occasionally noted that hair grew only on 
the irradiated skin areas, while the rest of the pre- 
viously depilated rabbit’s flank remained hairless 
{Fig. 1). This striking phenomenon was studied in a 
further series of experiments, and again the growth 
of hair over the irradiated areas occurred on occasion. 
This irregularity of response can be explained by 
varying physiological conditions prevailing in the 
skin at the time of the experiment, as these may 
influence the nature and degree of response*. These 
observations, in a certain t+, can be considered 
as analogous to those made in the course of experi- 
ments on indirect radiation effects with grafting of 
irradiated rabbit skin*, in which it was noted that 
irrespective of the particular phase of the hair- 
growth cycle of the rabbits, fur grew abundantly in 
the immediate vicinity of irradiated tissues, whether 





Fig.1. Fur growing only on areas exposed to X-rays 








May 25, 1957 VoL. 179 


around the grafted area or on the unirradiated skin 
areas transposed upon irradiated graft beds. 

This growth of hair in the neighbourhood of 
irradiated grafts, and in skin areas exposed to an 
amount of radiation which is greater than that of a 
depilation dose, is probably an indirect effect of 
radiation. It may be explained by a diffusion of 
stimulating irradiation demolition products or by an 
elimination of factors inhibiting growth of hair. Both 
explanations are compatible with the idea of an 
interference in the equilibrium of dynamic factors in 
the skin as suggested by Chase‘. 

This problem is being further explored, and the 
effects of injection of the inactive carrier (sodium 
phosphate) of the radioactive phosphorus are being 
studied 

No inference can be made concerning the growth 
of hair in man under similar e conditions, 
because the mode of hair growth differs fundament.- 
ally from that of the rabbit. 

B. JOLLES 
8S. G. GREENING 
Department of Radiotherapy, 


General Hospital, 
pees, 8 Feb. 18. 
1 Jolles, 5 o> on Radiobiology, Liége, 151 (Butterworth 
Lends ». 
* Chase, B., W., Proc. Soc. Exp. oe. hes 4 Med., 
Seah 4 Whiteley ~ ag ag * ‘and Ghadially, F. N., J. Anat. 
* Jolles, B., and G } “Progress in Radiobiology” (Oliver 


and Boyd, Ediopurek, Si oee). 
“Chase, H. B., Physiol Rev., 34, 113 (1954). 


Osmiophile Granules in the Glomus Cells of 
the Rabbit Carotid Body 

THE concept of an endocrine role for the carotid 
body was implied by Kohn', when he classed the 
tissue as a paraganglion, but more directly supported 
by Mulon?’, who claimed that extracts of horse carotid 
body contained a vasopressor substance. According 
to Smith’, there is considerable variation with species 
in the amount of chromaffin tissue in the carotid body, 
while De Castro‘ claimed that a true chromaffin 
reaction could not be elicited and he and others® do 
not believe that the carotid body is @ paraganglion. 
The chemoreceptive role for the carotid body, 
originally postulated by De Castro‘*, was confirmed 
and elaborated by Heymans and Bouckaert’, and has 
since been further elucidated by many others*. 
De Castro believes the glomus cell, with its poles 
‘sanguin’ and ‘nerveux’, is the chemoreceptive agent 
of the carotid body. 

A current experimental and electron microscopic 
study has shown that the glomus cells of the rabbit 
carotid body exhibit considerable variation in overall 
electron density. ‘The darker cells contain a back- 
ground cytoplasm of noticeable electron density in 
which lie compact mjtochondria with a content of 
internal cristze and filaments (Fig. 1). In the lighter 
cells, however, this cytoplasmic matrix is less dense 
and the mitochondria are grossly vacuolated and 
distended (Fig. 2). 

Of particular interest has been the constant finding 
in these glomus cells of a small 0-05—0-15y. osmiophile 
granular element often seen to be contained by a 
delicate membrane (Fig. 3). Variations in electron 
density within individual granules and from granule 
to granule are common. The population of granules 
is higher in the dark than in the light glomus cell. 
Granules comparable in electron microscopic appear- 
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ance to those here depicted have already been 
deseribed in the rat adrenal medulla’, although the 
medullary granules range in size from 0-05 to 0-4u. 
In view of the possibility of a general or local humoral 
role for the glomus cell within the carotid body 
mechanism, a histochemical inquiry into the nature 
of the glomus granules is at present being conducted 
by Dr. P. R. Lewis, of this Department. 
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i Electron micrograph of a ‘dark’ glomus cell from the rabbit carotid bod 
mitochondria (M ) and dense osmiophile granules (@) lie in a relatively opaque 


cytoplasm. x 18,000 


Fig. 2. sty ~ cells in an vy micrograph of rabbit carotid peer. 
t’ cells B and 


(see Fig. 1); C mitochondria (M) are vacuola 
ai ae whi 2 are present in fewer number than in A. 


Fig. 3. Electron micrograph of a rabbit carotid body glomus cell intermediate in appear- 

ance between the ‘dark’ and ‘light’ cell extremes (Figs. 1 and 2). Some of the mitochondria 

are vacuolated (V); note mitochondrial internal criste. Densely osmiophile granules 

(G@) are present over a wide range of size ; some are surrounded by a less dense material 
which is contained within a delicate membrane (D). x 20,000 


The work reported here is in part aided by a grant 
from the Royal Society to one of us (J.D. L.); 
acknowledgment is also due to the Electron Micro- 
scopy Section of the Cavendish Laboratory for 
electron microscope facilities. 

J. D. LEvER 
J. D. Boyp 
Department of Anatomy, 
University of Cambridge. Feb. 4. 
*Kohn, A., Arch. f. mikr. Anat., 66, 81 (1900). 
aes Ny Arch. gén. de Méd., Année 81, 2, set. Hebdom., 3265 


qa . 

* Smith, Christianna, Amer. J. Anat., 34, 87 (1924). 

* De Castro, F., Trab. Lab. Invest. Biol. Univ. Madr., 24, 365 (1926). 

* Hollinshead, W. H., Quart. Rev. Biol., 15, 156 (1940). 

* De Castro, F., Trab. Lab. Invest. Biol. Univ. Madr., 25, 331 (1928). 

eee ty C., and Bouckaert, J. J., C.R. Soc. Biol., Paris, 112, 1240 

* Boyd, J. D., com. 1 Bebeus. § Carneg. Inst. 3 (1987 Be Contzo, 
y Trad Un %5 Hai. 96, 340 Yu088) sd 
Pikyatol en. es 14 Pie51). ‘Niel, E., ibid., 22, 54 Gbsiy 

* Lever, J. D., Endocrinology, 57, 621 (1955). 
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Respiration and Levels of Phosphate 
Esters during Kinetin-induced Cell 
Division in Tobacco Pith Sections 


Skooe and his co-workers! have demonstrated 
that tobacco pith sections cultured on nutrient agar 
containing indolylacetic acid undergo considerable 
cell enlargement. Many mitotic divisions occur 
which are unaccompanied by cyto- 
kinesis, and thus give rise to multi- 
nucleate cells. If kinetin (6-furfury!- 
aminopurine) is added to the 
medium, rapid cell division occurs. 
For tobacco pith, the gross effect 
of kinetin is as a cell division 
hormone and of indolylacetic acid 
as a cell enlargement hormone. 

Jensen® has shown that the region 
of rapid cell division in root tips 
of Vicia faba is a region of low 
respiratory activity compared with 
the cells of the root cap and the 
regions of cell elongation and dif- 
ferentiation. Mazia and Prescott‘ 
have shown that the capacity of 
amcebs to esterify inorganic phos- 
phate falls during division, while 
Brachet® found that respiration in 
frog eggs may be inhibited by 90 per 
cent without any effect on cell divi- 
sion. An obligatory coupling be- 
tween respiration and phosphory!- 
ations has become recognized as 
a general biochemical principle 
(Slater*), and it was of interest, 
therefore, to compare the respira- 
tion-rates and levels of phos- 
phorylated intermediates of pith 
sections undergoing rapid cell divi- 
sion as compared with sections un- 
dergoing cell enlargement, and to 
determine whether low respiratory 
activity and low levels of phosphate 
esters were associated with cell divi- 
sion. 

Tobacco pith sections were cult- 
ured according to the method de- 
scribed by Skoog and Tsui?. Oxygen 
uptake was measured by conven- 
tional Warburg manometric tech- 
niques, the pith sections being 
placed on agar media contained 
in the manometer flasks. Levels of hexose mono- 
phosphates, hexose diphosphate and _ energy-rich 
phosphate (the terminal phosphate group of adenosine 
diphosphate and two terminal phosphates of aden- 
osine triphosphate) were determimed by the method 
of Slater? adapted to plant tissue by Rowan (un- 
published work) 

The oxygen uptake of sections cultured on indolyl- 
acetic acid — kinetin medium was 16 per cent higher 
“over a 5-day period than for sections cultured on 
indolylacetic acid medium, but this difference was 
quantitatively accounted for by a greater increase 
in fresh weight in the former instance. In the 
presence of kinetin the number of cells per section 
was twice that of the control after 5 days, and the 
fresh weight had increased by 36 per cent as against 
29 per cent. A comparison of the respiration-rates 
indicated an early effect- of kinetin, well before cell 
division had commenced. Short-term experiments 
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Table 1. EFFECT OF KINETIN ON THE RESPIRATION AND ELONGATION 
oF ToBacco PITH SECTIONS 


Each treatment consisted wey sections (10mm. x 4mm. x 1 mm.) 














on a basal medium of 1 cent (w/v) agar, 2 per cent (wi sucrose, 
and 2 mgm. indolylacetic acta/titre.. Incubation was in diffuse light 
at 30° C. 
Immature region* Mature region 
Quantity Kinetin conc. Kinetin cone. 
measured (ugm./litre) (ugm./litre) 
none 100 200 400 | none 100 200 400 

Oxygen uptake 
over initial 7 hr. 35 43 44 49 43 39 39 44 

| we./hr.) 

Elongation of | 
sections in ° 
22 hr. (mm.) 24 265 2-9 3-7 23 237 338 33 

Level of signific- j 
ance (per cent) — 5 O1 5 — —| 











* For the immature region, sections were cut from the stalk within 
15 cm. from the ay tip. The mature region was from 15 cm. 
to 30 cm. from t 


showed that kinetin generally increased respiration 
of the pith sections within 3-8 hr. of commencement 
of treatment, and that the increased respiration-rate 
was often accompanied by section elongation. Results 
in this regard were somewhat variable and appeared 
to depend on the physiological age, and state of the 
sections (Table 1). Stimulation of cell enlargement 
by kinetin has also been reported for bean leaf disks 
by Miller* and by Scott and Liverman’. 

The. changes in the levels of hexose phosphates, 
energy-rich phosphate, and cell numbers per section 
were determined over a 6-day period (Fig. 1). During 
this time the fresh weight of 55-mgm. sections in- 
creased by 34 mgm. on indolylacetic acid — kinetin and 
by 24 mgm. on indolylacetic acid medium. The 
number of cells per section remained constant for 
the first three days, but between the third and the 
sixth day the number of cells in sections treated with 
kinetin increased about five-fold. This great change 
in cell numbers was not accompanied by any marked 
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Fig. 1. The effects of kinetin on (above) cell numbers and (below) 
levels of phosphorylated intermediates in tobacco pith sections 
grown on a basal medium of White’s nutrient solution, 1 per cent 
(w/v) agar and 2 mgm. indolylacetic acid/litre. O—O, Indo ylacetic 

acid; x—x, indolylacetic acid-kinetin; A. hexose mono- 
“phevaieede : B, energy-rich phosphorus; C, hexose diphosphate 
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changes in the levels of hexose phosphates or energy - 
rich phosphate when compared with the untreated 
sections which were undergoing cell enlargement only. 
Thus for tobacco pith sections and on a fresh-weighi 
basis, the respiration-rates and levels of phosphate 
esters are essentially the same for sections under- 
going rapid cell division or cell enlargement. 

The effects of kinetin in stimulating respiration 
and cell enlargement in the initial stages of treatment 
of tobacco pith sections, the stimulation of cel! 
enlargement in bean leaf disks, and its effect in 
causing cytokinesis in tobacco pith cells undergoing 
nuclear divisions may indicate that the primary site 
of action of kinetin is in a reaction closely connected 
with cell wall metabolism. 

It may be concluded that the energy requirements 
for cell division and cell enlargement for tobacco 
pith sections are very similar, and are more closely 
correlated with total cytoplasmic synthesis than with 
the nature of the cytological changes occurring in the 
tissue. 

K. T. Guiaszrou 
Botany Department, 
University of Sydney, 
Sydney. Jan. 18. 


1 Skoog, F., and Tsui, C., Amer. J. Botany, 85, 782 (1948). 
* Jablonski, J. R., and Skoog, F., Physiol. Plantarum 1 , 
Naylor J., Sander, G., and S' P., ibid., 7, 25 (1954). Miller, 
, Skoog, F., von Saltza, M. ., and Strong, F. M., J. Amer. 
. Soc., 72, 1392 ( 955). 
* Jensen, Ww. A., Bap. Oat ten.. 8, 506 (1955). 
* Mazia, D., and Prescott, D. M., Science, 120, 120 (1954). 
* Brachet, J., Arch. Biol. (Lidge), 65, 1 (1954). 
* Slater, E. C., “Cell Se page ben iy Enzymes” (Scheltema 
and Holkema N. . terdam, 1955). 
7 Slater, E. C., Biochem. Dus .. 68, 157 (1953). 
* Miller, C. O., Plant Physiol., $1, 318 (1956). 
* Scott, R. A., and Liverman, J. L., Plant Physiol., 31, 321 (1966). 


Pigments in Trichophyton rubrum 


ALTHOUGH observations on the colouring matter 
produced by Trichophyton rubrum had been made by 
Tate in 19291, and were verified and extended by 
Thompson’, no attempt to isolate and identify the 
pigments involved has been recorded in the literature. 
A more systematic examination of these pigments is 
therefore being carried out in this laboratory. 

Cultures of 7. rubrum were prepared for the lab- 
oratory on 50-ml. plates of Sabouraud’s medium. 
A preliminary examination showed that the deep red 
colour, which had diffused into the agar, was only 
slightly soluble in ethanol and acetone, but could be 
completely extracted by repeated grinding with 
glacial acetic acid. Twelve plates, after sterilization 
at 160° C., were therefore extracted in this way. The 
filtered and combined extracts (240 ml.) were diluted 
to 2 litres with water, and extracted into chloroform 
(2 x300 ml.). After washing with water (3 x 300 ml.), 
the solution was dried and evaporated to 100 ml. 
under reduced pressure. Attempts to crystallize a 
pigment from this solution were unsuccessful, removal 
of further solvent leaving a tarry residue. 

A separation of the crude extract into three major 
fractions was achieved by ascending chromatography 
on Whatman No. 3 MM paper, the solvent being 
70 per cent chloroform, 30 per cent petroleum ether 
(boiling point, 60°-80°). 


Rr value Colour (chloroform) 
Pigment A 0-95 Bright yellow 
Pigment B 0-75 Orange-red 
Pigment C 0-45 Deep bluish-red 
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In addition, a faint pale yellow component was 
observed at Ry 0-20, and a small amount of brown 
material was left at the origin. 

The fractions were eluted with chloroform. Their 
solubilities and their colour changes with alkali and 
with reducing agents were examined. No further 
resolution of any of the three pigments could be 
obtained by the use of different solvent systems. Frac- 
tional precipitation was then used for separating these 
components from the bulk of the chloroform extract. 
A paper chromatogram was run after each operation 
in order to follow the course of the separation. 

Pigment A. This was the only component possessing 
appreciable solubility in petroleum ether. It was 
isolated as an amorphous solid by precipitation of 
B and C from the extract with excess petroleum 
ether, evaporating the supernatant to a small bulk, 
and cooling. Although free from the other pigments, 
this material has so far resisted attempts at 
crystallization. 

Pigment B. The petroleum ether precipitate was 
dissolved in chloroform, and pigment B isolated by 
repeated fractional precipitation with methanol. The 
final precipitate, free from traces of C, crystallized 
from 90 per cent aqueous acetic acid as fine deep 
red needles. 

Pigment C. ‘The combined supernatants were 
evaporated to dryness in vacuo, and taken up in a 
minimum of hot 90 per cent acetic acid. On cooling, 
pigment C crystallized as sheaves of fine purple 
needles. 

The pigments are believed to be derivatives of 
anthraquinone. This is supported by the following 
evidence. 

(1) The colour-changes with alkali and with reducing 
agents are characteristic of the many known poly- 
hydroxy-2-methyl-anthraquinones which have been 
isolated from various fungi’. 

Alkali Alkali—after ee with 
sodium hydrosulphi 
Pigment A Mauve Pale yellow, green seaitie 
Pigment B_ Violet, blue fluorescence Yellow, en fluorescence 
Pigment C_ Blue Deep yellow, green fluorescence 

(2) The reduced pigments are readily oxidized by 
atmospheric oxygen, to revert to the original violet 
or blue colour. 

(3) The absorption spectra have been plotted over 
the range 200-600 my using a Hilger ‘Uvispek’. The 
results obtained are consistent with the view that 
these pigments are substituted anthraquinones. 

Further work on the structure of these pigments is 
in progress. 

P, D. Mier 

Biochemistry Department, 

Institute of Dermatology, 
Leicester Square, 
London, W.C.2. Feb. 7 
* Tate, P., Biol. Revs., 4, 41 (1929). 
* Thompson, K. W., Rep. Conf. on peeemephytes, Div. Med. Sciences, 
Nat. Res. Council, Nov. 8, 1943. 
* Tatum, E. L., _ of Biochem.”’, 18, 667 (1944). Birkinshaw, 
J. H., idid., 


Revs. 
, 371 (1953). Stickings, Cc. E., and Raistrick, H., 
ibid., '25, Soe (1956 ). 


Relationship between Relative Turgidity and 
Diffusion Pressure Deficit in Leaves 

A practicat field-method for measuring water 

deficits in plants has been described in which the 

water content of samples of leaf disks is measured 

and compared with that of parallel samples rendered 
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Fig. 1. Relationship between relative turgidity and diffusion 
pressure deficit in the leaves of two species. O-———O, «oan 


@——®, tomato. Each point represents the mean of 10 determ: 
inations. Standard error of en: privet, + 0-30; tomato, 


fully turgid by floating on water. The field-water 
content expressed as a percentage of the turgid water 
content was called the ‘relative turgidity’. This 
technique and mode of expression have proved 
successful in studying the ecology of a variety of 
plants in Uganda*, Isracl*, the United States‘ and 
Australia’. It is, however, difficult to assess the full 
significance of relative turgidity values without a 
knowledge of their equivalence in terms of ‘diffusion 
pressure deficit’. For example, 80 per cent relative 
turgidity in different species might mean quite 
different degrees of ‘water stress’ expressed as the 
diffusion pressure deficit of the leaves. 

Such ‘calibrations’ of relative turgidity in terms 
of atmospheres diffusion pressure deficit have now 
been achieved for privet (Ligustrum japonicum) and 
tomato (Lycopersicum esculentum). In principle, 
there is no difficulty in this. Parallel samples of leaf 
disks were allowed to attain moisture equilibrium in 
a range of environments of different diffusion pressure 
deficit. The relative turgidity of the disks correspond- 
ing to each of these diffusion pressure deficits was 
then found by floating them on water in the usual 
way. However, allowing samples to attain known 
diffusion pressure deficit values by flotation on, or 
submergence in, solutions of mannitol or other 
solutes was not successful owing to injection and 
plasmolysis. Instead, samples were placed in small 
closed containers on grids 5 mm. above the surface 
of solutions of known diffusion pressure deficit, the 
containers being placed in a water-bath controlled 
to + 0-001°C. Equilibrium was reachéd in 32 hr. 
Full details of this method will be published else- 
where. 

Fig. 1 shows that the curves obtained for the two 
species were markedly divergent; thus a diffusion 
pressure deficit of 30 atm. in the leaves entailed a 
much greater water deficit in tomato (relative 
turgidity 50 per cent) than in privet (relative turgidity 
70 per cent). 

Such calibration curves are important in two 
respects. First, they permit relative turgidity 
measurement to give a simple and accurate quantita- 
tive assessment of water stress in terms of diffusion 
pressure deficit, itself difficult and tedious to measure 
in practice. Secondly, the curves have an intrinsic 
interest. Their divergence indicates a difference in 
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cell water-relations between the two species which 
may be of ecological significance. Also they represent 
in effect the relationship between diffusion pressure 
deficit and cell volume, their form reflecting the inter- 
play between wall pressure and the osmotic potential 
of the vacuolar sap. If the latter were also measured, 
clearly the contribution of the wall pressure or 
tension to the diffusion pressure deficit at various 
water deficits could readily be ascertained. This is 
as yet an unassessed but probably important factor 
governing plant responses under conditions of severe 
water stress; this will be the subject of further 
publication. 

This work was initiated in Nottingham, but much 
of it was carried out by one of us (R. 0.8.) in the 
Department of Botany, Duke University, Durham, 
North Carolina, through the generosity of Prof. P. J. 
Kramer, whose provision of facilities and helpful 
discussion is gratefully acknowledged. 

P. E. WEATHERLEY 
Department of Botany, 
University of Nottingham. 
R. O. SLATYER 

Commonwealth Scientific and 

Industrial Research Organization, 
Canberra. 


2 Weatherley, P. E., New Phytol., 49, 81 (1950). 

? Weatherley, P. E., New Phytol., 50, 36 (1951). Farbrother, H. G., 
Emp. Cotton Grow. Corp., Prog. Rep. Exp. Sta. Namulonge 
(1955); ibid. (1956). 

? Oppenheimer, H. R., 8th Int. Bot. Congress (Paris), Sect. IT, 218 
(1954). 

* Werner, H. O., Nebr. Agric. Exp. Sta. Res. Bull. 176. 

* Slatyer. R. O., Aust. J. Agric. Res., 6, 365 (1955). 


Paper Chromatography of a 
Sweet Potato Virus 


A quick method for detecting vein-clearing virus’ 
by paper chromatography has been developed. 

This common virus disease in sweet potatoes which 
grow in Israel causes great reductions in yields. 
Hitherto, no test plant for indexing diseased plants 
has been found. The only reliable method of identifica- 
tion is by grafting the diseased scion on a healthy 
stock. The disease symptoms, too, are not always 
clear, especially when masking of symptoms occurs 
during optimal vegetative growth. 

Little work has been done on the use of paper 
chromatography for identification of virus diseases 
in general. Paper chromatography was used by 
Cochran? in 1947 and Gray?* ia 1952 for identification, 
but more specifically for separation of pure tobacco 
mosaic virus. Identification of tobacco mosaic virus 
by this method has theoretical value only, since 
identification generally is carried out by test 
plants. 

In the absence of a suitable test plant for detecting 
vein-clearing virus in sweet potatoes, we found that 
paper chromatography could be used as a reliable 
method. 

Sap, buffered at pH 6-9, was extracted from leaves 
of healthy and diseased plants. After centrifuging, 
the concentrated superfluent was chromatographed 
on Whatman No. 1 filter paper; the solvent was 
molar sucrose. Staining with acid bromphenol-blue, 
used specifically for proteins, gave a good differentia- 
tion between healthy and diseased sap. Fig. 1 shows 
that there was ‘tailing’ with diseased sap, whereas 
healthy sap showed no movement of proteins. 
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Fig. 1. Chromatogram of healthy (H.) and vein-clearing (V.C.) 
diseased s weet potato plants 


It was found that, before staining, the ‘tailings’ 


absorbed ultra-violet light in the neighbourhood of 


265 my, which indicates presence of nucleic acids. 
Ultra-violet radiation without staining can therefore 
be used for identification on the chromatogram. 

It seems, though further proof is still necessary, 
that the stained ‘tailings’ which absorb ultra-violet 
light are the nucleo-proteins of the virus itself, and that 
the plant protein does not move with this solvent. 

Similar results were obtained by paper chromato- 
graphy of sap extracted from sweet potato tubers. 

This chemical method of quick identification of 
vein-clearing virus in leaves and tubers of sweet 
potatoes will be of considerable use in the routine 
work of keeping a virus-free stock. 

Detailed results of this work will be published 
shortly. I wish to thank Dr. Leah Slomnicky and 
Prof. I. Reichert for valuable suggestions. 

G. LOEBENSTEIN 
Department of Pathology, * 
Agricultural Research Station, 
Rehovot, Israel. Feb. 15. 
* Loebenstein, G., and Reichert, I., Bull. Research Council of Israel 
(in the press). 
* Cochran, G. W., Phytopath., 37, 850 (1947). 
* Gray, R. A., Arch. Biochem. Biophys., 38, 305 (1952). 


Use of ‘Nigrosine’ for staining Proteins 
after Electrophoresis on Filter Paper 


For some time we have used in our laboratories 
a simple and economical technique for staining protein 
fractions of human serum separated by electro- 
phoresis on filter paper. 

Electrophoresis of the sera was carried out accord- 
ing to the technique of Grassmann and Hannig' at 
110 volts for a period of 14 hr. A sodium barbital- 
acetate buffer of pH 8-6 and ionic strength of 0-1 is 
used. The paper strips (Schleicher and Schill No. 
2043 a) are dried first in air and then for about 
15 min. in an oven at 80° C., before proceeding to the 
stainmg. Gliiber or Geigy ‘nigrosine’ soluble in water 
was used at a concentration of 1 per cent, so that 
it will dissolve in a 1 per cent solution of acetic acid. 
The strip of paper is immersed in this solution for 
6 min. and excess dye is afterwards removed by 
washing with 1 per cent aqueous solution of acetic 
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Fig. 1. Pherograms of — _—. stained with higrosine, that at 
the top correspo: eeneing te and that 
at the bottom showing ste ‘pre-albumin’ component 





acid, or simply with tap water, until the paper has only 
a light blue tint, when the different protein fractions 
should be perfectly stained a blue-black colour, with 
an intensity depending on the concentration. 

In using this staining method with some sera, a 
band was obtained characterized by a velocity of 
migration greater than that of albvmin; but this 
component did not appear if the staining was done 
with amido black 10 B. 

Work on the identification of this component, and 
on its significance from the clinical point of view, is 

. These investigations, and comparative 
results obtained in the photometric study of the 
pherograms of the dyed sera by this technique and 
by that of Grassmann and Hannig with amido black 
10 B in methanol/acetic acid (9: 1), will be published 
in due course. 

M. ORTEGA 


Facultad de Farmacia, 
Laboratorio de Fisico-Quimica, 
Departamento de Quimica-Fisica Biolégica 
del C.S.I.C., 
Madrid. 
Feb. 1. 


* Grassmann, W., and Hannig, K., Hoppe-Seylers Z. Physiol. Chem., 
290, 1 tiges. 


A Fertile Tortoiseshell Tomcat 


THe gene for yellow coat-colour in the domestic 
cat is sex-linked'. Tortoiseshell cats are heterozygous 
for yellow and therefore normally female; the rare 
tortoiseshell male is usually sterile. Many hypotheses 
have been put forward to account for its occurrence 
and sterility’?, but in our opinion no satisfactory 
solution has yet been found. Fertile tortoiseshell 
males are extremely rare; Doncaster* recorded two 
and Komai‘ three probable examples. A few offspring 
were recorded from the tortoiseshell males known to 
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Doncaster ; details of their sex and coat-colour are 
incomplete and somewhat uncertain, however. 

A tortoiseshell male of known parentage has now 
produced in the space of two years at least sixty-five 
offspring. Twenty-six were recorded as female, 
seventeen as male.and twenty-two were unsexed. 
These kittens were the result of systematic matings 
carried out in confinement, so their paternity is not 
in doubt. The male concerned (‘Blue Boy’) is dilute 
tortoiseshell English rex; his father was ‘Kalli’, 
dilute yellow and the first English rex cat’. His 
mother was ‘Serena’, a tortoiseshell heterozygous for 
rex and for dilute. The fortunate circumstance that 
the cats concerned are also those used for establishing 
the rex breed has meant that results of matings were 
carefully recorded even before ‘Blue Boy’s’ true 
nature was realized. 

Eleven further tortoiseshell males have been 
recorded among ‘Blue Boy’s’ forty-three sexed 
offspring. ‘lhree of these males have reached matur- 
ity, but so far none has been proved fertile. ‘Lhere 
do not seem to be any previous records of tortoiseshell 
niales siring further tortoiseshell males ; one of those 
studied by Doncaster produced tortoiseshell off- 
spring, but their sex was apparently unrecorded. 

‘Blue Boy’ has been mated with six different 
tortoiseshell females, all related to him. The offspring 
have included in each sex all three possible genotypes 
at the yellow locus ; that is, males and females which 
were phenotypically (i) black, blue or tabby, (ii) tor- 
toiseshell or dilute tortoiseshell (blue-cream), (iii) 
yellow or cream. We think that the most likely 
hypothesis to account for these results is that in 
‘Blue Boy’ the gene for yellow has become partially 
sex-linked, instead of being completely so. 1t would 
therefore be present in the pairing segment of the 
Y-chromosome, instead of being unrepresented in Y. 
If we call the gene for yellow coat colour y and its 
black allele yb, then on our hypothesis ‘Blue Boy’s’ 


genetic constitution would probably be ao 


. Y? 
where X and Y represent particularly the pe 
segments on these chromosomes, presumably con- 
taining the sex-determiners. The fact that ‘Blue 
Boy’s’ father was a yellow male makes it probable 
that the y gene would be on the Y-chromosome 
rather than on the X. Mated to a tortoiseshell female, 
b 
ae a fertile tortoiseshell male of the above 
constitution could produce yellow males, tortoiseshell 
males and females, and black females as non-recom- 
binant types; and black males, tortoiseshell males 
and females, and yellow females as recombinant 
types. ‘Thus the production of all three genotypes 
in both sexes wolld be theoretically possible, which 
agrees with observation. About half the offspring 
from this type of mating should be tortoiseshells ; in 
fact, fourteen were so out of twenty-five, in fully sexed 
litters. The results of mating ‘Blue Boy’ with yellow 
and with black females also agree with the hypothesis 
of partial sex-linkage of yellow. Taken as a whole, 
the results suggest that linkage between the yellow 
locus and the sex-determining gene complex is fairly 
loose. 

Various predictions can be made on the basis of 
this hypothesis; for example, that those of “Blue 
Boy’s’ sons which are yellow or black with regard to 
the y-locus should also be capable of producing 
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tortoiseshell males. When further results become 
available it is hoped to deal with these and other 
matters in detail. 


A. C. JupDE 
3 Hill View Road, 
Mapperley, Notts. 
A. G. SEARLE 
Department of Zoology, 
University of Malaya, 
Singapore 10. 
* Litt , Science, N.S., 35, 784 (1912). Doncaster, 'L., did., 
38° fe Gi sts 
‘Bamber, R., Bib. Genetica, 8, 1 (1927). Komai, T., Proc. Japan 


Acad., "ba. 150 (a9ee) 
* Doncaster, L., J. Genet., 3, 11 (1913). 
Komai, T, P Hered. (in the press) and personal communication, 
"aut, &. ©. A. C., eo Searle, A. G., and Jude, A. C., 


Shape a the Octopus and the 
t 


EXPERIMENTS on shape discrimination in rats, 
using the Lashley two-card jumping stand, have 
shown that, when rats are pre-trained to discriminate 
horizontal from vertical striations (horizontal posi- 
tive), they tend to choose other shapes with a hori- 
zontal base-line, such as a square, triangle or pentagon, 
in preference to a second shape which lacks the 
horizontal base, such as a circle or inverted triangle. 
This suggests that a horizontal lime in one shape of 
@ pair which have to be discriminated from one 
another is isolated by the animal as a basis for dis- 
crimination ; this has been verified for a number of 
‘transfer’ shapes, and in each case the horizontal base 
was the effective element in discrimination. These 
experiments, reported in detail elsewhere', were 

igned to overcome objections to earlier work in 
this field, for example, the classic studies of Lashley?. 

N. S. Sutherland* has shown that horizontal and 
vertical components of shapes are also important in 
shape recognition in the octopus. He suggests a 
theory of shape recognition to account for the 
importance of these components in discriminations 
by visually primitive organisms. I have put forward 
@ similar theory which also accounts for this phe- 
nomenon; both theories would appear prima facie 
to account equally well for both sets of data. On 
closer inspection, however, Sutherland’s theory shows 
@ considerable weakness, at least in the form so far 
reported. In his theory, discrimination is based on a 
comparison between the separate outputs from the 
rows and columns of an array of cells (cf. Sutherland’s 
diagrams), a@ comparison which involves both the 
number of cells active, and the intensity of their 
firing in the row output, with the same characteristics 
(of number and intensity) in the column output. 

It seems plausible to suppose that an ‘analysing 
mechanism’ could be devised to compare these 
quantities when their difference is relatively large 
(in Sutherland’s Fig. 1, one fibre firing at intensity 
five, compared with five fibres at intensity one). As 
soon as the outputs become more complex, for ex- 
ample, the third pair of figures in Sutherland’s Fig. 2, 
the theory becomes more difficult to accept. In this 
instance the analysing mechanism has to detect a 
spatial relationship among the fibres which are active, 
irrespective of the position which the set of active 
fibres occupies in the cable. This difficulty is further 
enhanced for the shapes shown in his Fig. 3. Here, 
in three cases, the output is identical in all respects 
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for rows and columns, and henee a comparison of 
row and coluran outputs for a single shape no longer 
provides a distinctive characteristic for that shape ; 

discrimination must depend on comparison of the 
output for one shape with the output for another. 
Hence the theory can only function if an analysing 
mechanism is suggested which can perform such 
comparisons. 

Unfortunately, Sutherland does not say what 
characteristics this analyser has which enables it to 
detect differences in the row and column outputs for 
different shapes, although it is clear that these char- 
acteristics are of fundamental importance for the 
theory. If Sutherland has devised an analysing 
mechanism with the requisite properties, he has made 
@ contribution to the theory of shape discrimination, 
since the classifying of a spatial pattern irrespective 
of its location has always been a stumbling block 
for neural theories of shape perception. With such 
an analysing mechanism, however, the reason for 
postulating the array of cells becomes obscure, 
because the property by virtue of which the analyser 
must (apparently) work in his theory should enable 
it to deal directly with information from the retina 
(in terms of spatial patterns of excitation) without 
the intermediating array. 

My own theory' overcomes this difficulty of 
recognizing spatial patterns of excitation by intro- 
ducing a transformation into a temporal pattern, 
which is transmitted in the output cables for rows 
and columns of an array of cells similar to that 
postulated by Sutherland. 

P. C. DoDWELL 

Department of Psychology, 

Birkbeck College, 
Malet Street, 
London, W.C.1. 
* Dodwell, P. C., Brit. J. Psychol. (in the press). 


* Lashley, K. 8., J. Gen. Psychol., 18, 123 (1938). 
* Sutherland, N. S., Nature, 179, 11 (1967). 


Proposed Nomenclature in the Field of 
Neuraminic and Sialic Acids 


Ir would appear that the chemical relationship of 
the substances designated by various names such as 
neuraminic, sialic, lactiminic and gynaminic acid has 
been established. In order to avoid further confusion 
we propose to call the basic, unsubstituted com- 
pound neuraminic acid. Sialic acid is suggested 
as group name for the acylated neuraminic acids 
(for example, N-acetylneuraminic acid, N-glycolyl- 
neuraminic acid, diacetylneuraminic acids). For the 
enzyme which splits the glycosidic linkage joiming 
the terminal sialic acid to the residual oligo- or poly- 
saccharide the names neuraminidase and sialidase 
may be used synonymously. We have agreed to 
use this nomenclature in future. 


F. G. Bux 
Department of Medical Chemistry, 

University of Upsala. 

A. GorTscHALK 
Walter and Eliza Hall 

Institute of Medical Research, 
Melbourne. 
E. Kizenx 
Department of Physiological Chemistry, 
University of Cologne. 
April 24. 
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(Meetings marked with an asterisk * are open to the public) 


Monday, May 27 


Soom at 1 Kensington Gore, London, 


AL GEOG 
‘armer: “Pioneer Settlement in 


ROYAL RAPHICAL 
6.W.7), 0 baad p.m.— 
South As' 


Tuesday, May 28 


UNIVERSITY OF LONDON (at the Wright-Flemi 
Se ye Mg Mary’s Hospital Medical — mdon, W.2), 
J. F. Loutit: “The Imm Response following 
x. Ieradiation”. ‘© * (Third of four Almroth W1 Wright lectures.) 


UNIVERSITY COLLEGE, LONDON (in the Physi 
Street, London, W.C.1), at 5.15 p.m.—Prof. 


Institute of 


ol Theatre, Gowe: 
P. Balint if (University of 


Budapest) : “Nervous ‘Regulation of Renal yl 
UNIVERSITY OF LONDON (at the Senate House London W.C.1), 
at 5.30 p.m.—Mr. R. Lindsay Robb: “Man and the Soil: Mountain 


Top to City Pavement’’* (Sanderson- Wells Lecture). 


Soctrty OF INSTRUMENT pee (at Manson House, Port- 
land Place, London, W.1), at 6 p.m.—Annual General Meeting; 
followed by the presentation of the Bowen Prize; and an address 
by Sir Harold Hartley, F.R.S, 


RoyaL AERONAUTICAL Socrgety (at 4 Hamilton Place, 
W.1), at 7 p.m.—Mr. F. W. Meredith: ‘Flight Instrumente”. 


Tuesday, May 28—Wednesday, May 29 


Het KONINKLUK INSTITUUT VAN INGENIBURS Seeggy oa ENG- 
INEERING GROUP); Dk KONINKLIJEE NEDERLANDSE CHEMISCHE 
VERENIGING (SECTION FOR CHEMICAL TECHNOLOGY); THE 
OF CHEMICAL INDUSTRY (CHEMICAL ENGINEERING GROUP); and the 
INSTITUTION OF CHEMICAL ENGINEERS (at Church House, Westminster, 
London, 8.W.1)—Joint Symposium on “‘The Scaling-up of Chemical 
Plant and Processes”’. 


Wednesday, May 29 


ROYAL METEOROLOGICAL SocteTy and the NATIONAL INSTITUT: 
OF OCEANOGRAPHY (at the Royal Meteorological Society, 49 Semeel 
Road, London, 8.W. 7), at 2.30 p.m.—Joint Meeting on ““Long Waves 
and Storm Surges”. 


INSTITUTE OF FUEL (at the Institution of Civil > 
George Street, London, 8.W.1 “ek -x Coie F.F. 
Fuel Developments in the U.S.A 


Wednesday, May 29—Saturday, June | 


INSTITUTE OF PETROLEUM (at the Grand Hotel, Folkestone, Kent)— 
Summer Meeting. 


neers, Great 
: “Some 


Thursday, May 30 


RoYAL Socrety (at Burlington House, Piccadilly, London, W. wt) 
at 10 a.m.—Discussion on “The Initiation and Growth of Explosi 
in Solids”, opened by Dr. F. P. Bowden, F.R.S. 


INSTITUTION OF CIVIL ENGINEERS (at Great George Street, West- 
minster, London, 8.W.1), at 5.30 p.m.—Sir Claude 1 Inglis and Mr. 
F. H. Allen: “The Regimen of the Thames Estuary as Affected by 
Currents, Salinity and River Flow”, 


LinngAaN Society oF LONDON (at Burlington House, Piccadilly, 
London, W.1), pat 8 Reception by the peeneent n commemora- 
ion of ‘the th Knniversary'o of the Birth of Linnaeus. His Ex- 
cellency the Seodish “Sweden in the time of Linnaeus” ; 
Mr. W. T. Stearn: “Botanical Exploration to the time of Linnaeus”. 


Friday, May 31 


UNIVERSITY OF LONDON (at Guy’s Hospital Medical School, London, 
8.E.1), at 5 p.m.—Sir John Cockcroft, F.R.S.: “Atomic Energy 
and its Biological Implications” (Fison Memorial Lecture). 


— gs me tye sy (at 21 Albemarie Street, London, W.1), at 
m.—Dr. N. A. de Bruyne: “How Glue Sticks”. 


APPOINTMENTS VACANT 


Fg ay are invited for the following appointments on or 
before the — ge gg am 
ANY—The 


ASSISTANT LECTURER strar, Queen Mary 
College (University of London} )» Petite get Road London, 1 1 (lay 7 
ASSISTANTS, NUFFIELD 


SCHOLARS FELLOW! 
Gunerics—The Secretary of Guiversite Court, "The Universtiy, 


—— (May 31). 
LECTUREPS (2) In Puysics in Queen’s College, Dundee—Joint 
Clerk to the pete J Court, The gee Bt Andrews (May 31). 
ECTURER IN APPLIED PHysios—The Principal, Municipal College 
Victoria Circus Southend-on-Sea (June 1). 
Heap (with —— qualifications and good teaching ex- 
ence) OF THE ARTMENT—The Clerk to the Govening 
Battersea Polytechnic. London, 8.W.11 (June 3). 

ASSISTANT (honours pe with training in 2001 , Physiology 
and/or biochemistry) IN THE PREGNANCY DIAGNOSIS ABORATORY, 
to participate in research in ico reproductive physiology—The Secretary, 
The University, Edinburgh (June 6). 
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CHEMISTS IN THE NUCLEAR POWER py ey Central 
see reg ‘Authority, London, 8.E.1, for (a) to study and advise on 
the suitability of metallic and non-metallic eateedale nuclear 
reactors, — ticular reference to the fields of radiation oe. 
reaction kine thermodynamics and electrochemis 
study pee cask a ne suitability of ge hear D 


the rarer metals an cal me f analysis— 
inaley' Street, Yendeon, W.1, quoting T/224 


Gune ents, Cr in a“ 
une 
ens lameaee 6 r LECTURER (with special interests in zeneral 
‘inorgante chemistry) IN CHRMISTRY—The Registrar, The Univer- 
sty. Sh 8 4 (June 8). 
STRATOR IN THE DEPARTMENT OF FUEL TECHNOLOGY AND 
CunmioaL ENGINEERING—The Registrar, The University, Sheffield 


(June 8). 

A ‘ANT LECTURER IN GEOGRAPHY, and an ASSISTANT LECTURER 
IN EDUGATION-~The Registrar, University College of North Stafford- 
shire, Keele, —_ (June 10). 

ASSISTANTS (2 ) In GEoGRAPHY—The Secretary of University Court 


The University, Glasgow ae Pas 
ASSISTANT 7, Siaagow (3 : 2 honours degree) IN 


good PURE 
a Revistrat King 8 College, Strand, London, W.C.2 
une 

BIOCHEMIST (with a good honours degree in biochemistry and with 
microbiological experience) IN THE DEPARTMENT OF Soi. MIckO- 
BIOLOGY, for research on biological nitrogen fixation—The Secretary, 
Rothamsted Experimental Station, Harpenden, Herts (June 11). 

ASSISTANT LECTURER IN ENGINEERING (CIvIL)—The Registrar, 
The University, Manchester 18 (June 12). 

DEMONSTRATOR IN BOTANY and a ns ers | In ZOOLoGY— 
The Registrar, The University, Nottingham (June 14). 

LECTURER or ASSISTANT LECTURER IN GEOLOGY at the Univeatey of 
Malaya—The — , Inter-University Council for Higher Educa- 
tion Overseas, 29 W: urn Square, London, W.C.1 (June 15). 

LECTURER (with opectal qualifications in physical chemistry) IN 
CHEMISTRY ; and a LECTURER (with special qualifications in inorganic 
and/or analytical chemistry) IN CHEMISTRY at the vee cag heath of the 
Witwatersrand, Johannes! om, South Africa—The Secretary, Associa- 
tion of Universities = the British Commonwealth, 36 Gordon Square, 
London, W.C.1 (South Africa, June 15). 

BTROPOLITAN-VICKERS POSTGRADUATE SCHOLAR (with an honours 
degree in electrical or mechanical engineering, or in physics or mathe- 
matics) IN THE DEPARTMENTS OF ELECTRICAL or MECHANICAL 
ENGINEERING—The Secretary of University Court, The Uurvenity, 
Glasgow (June 15). 

PROFESSOR OF PURE MATHEMATICS ; & PROFESSOR OF PHY ; 
a SENIOR LECTURER IN PHYSIOLOGY; and a LECTURER or SENIOR 
LECTURER IN BOTANY at Rhodes University, Grahamstown, South 
Africa—The Secretary, Association of Universities of the "British 
ee 86 Gordon Square, London, W.C.1 (South Africa, 

une : 

RESEARCH MICROBIOLOGIST IN THE DOMESTIC FOOD PRESERVATION 
SECTION at the Long Ashton Research Station—The Registrar and 
Secretary, The University, Bristol (June 15). 

i (3) (with a good honours degree in chemical engineering 

a degree in chemistry or mechanical engineerin; ng and subsequent 
industrial experience in chemical engineering, and preferably with 
research and/or industrial experience in chemical engineering) IN 
CHEMICAL ENGINEERING—The Registrar, Manchester College of 
Science and Technology, Manchester 1 (June 21). 

PATHOLOGIST (with a first- or second-class honours degree, and 
re a postgraduate degree as well, and with evidence of satis- 
‘actory postgraduate training and research experience in plant patho- 
logy, and preferably experience in tea or a similar plantation je 
The Director, Tea Research Institute of Ceylon, St. Coombs, Tala- 
wakelle, Ceylon, marking envelope “Pathologist” (June 22). 

LECTURER or ASSISTANT LECTURER (preferably candidate prepared 
to lecture in electronics or nucleonics) IN THE DEPARTMENT OF PHYSICS 
Gua and Registrar, The University, Southampton 

une 25). 

LECTURERS (2) IN Po ga at the University of Cape Town, 
South Africa—The gf Association of Universities of the 
rig Commonwealth, 36 rdon Square, London, W.C.1 (South 

ca, 

LecTuRER (with qualifications in either pure mathematics or applied 
eg me oy -- THE peraare OF THEMATICS, University of 

pe Town, , Association of Universities 
be The British "Conmenveaiia, 36 Gordon Square, London, W.C.1 
(South Africa, July 7). 

LECTURER IN PaHysics at the University of Cape Town, South 
Africa—The Seurttary, Association of Universities of the British 
me 36 Gordon Square, London, W.C.1 (South Africa, 


ASSISTANT PROFESSOR IN THE DEPARTMENT OF PHysics—J. H. L. 
Johnstone, Head of the Department of Physics, yh University, 
Halifax, _ Scotia, Canada. 

CHIEF ASSISTANT PHYSICIST (with wide hy os ence of hospital 
Bente work) IN THE PHYSICS DEPARTMENT of Sheffield National 

mtre for en ne i ey! Be wek Sheffield Regional Hospital 

= . “Broom © p Svoee . tree Toorerable —— 10. ‘she 
XPERIMENTAL SSISTANT erably w' some ratory ex- 
ence) for varied and a alt work in ona chemical research 

boratories—Mr. W. A. Wightman, School of Chemistry, The Univer- 


sity, ar 
URER (gradua te in egy and an a LECTURER 
graduate ‘I in physics)—The Principal, National arts of Food 
echnology, wood Street, mM. Bat. ——- 1. 
LECTURER or EPARTMENT 

GroLoGy—The Chairman, Deptnans: of Gece’, Mount ‘Allison 
University, Sackville, New Brunswick, Canada. 

METALL LaBoratorigs, Central Elec- 
tricity Authority, Lea , Surrey, to work on the creep properties 
¢ h gioy i non-ferrous metals in an expanding —_ 
bi BE Director of Establishments, Central Blectrielty ph tae 
ity, Winsley Street, London, W.1, quoting Ref. N./19 





URGISTS IN THE RESEARCH 
me pore eongone | 
ration of electricity in conventional 
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NON-MEDICAL Brocuemist, Basic grade (with a university degree 
in biochemistry or A.R.I. x) to work ee consultant vere Me 
The Secretary, Paddington Hospital, Harrow Road, London, 


cIst to ory on the influence of the frictional 
and vi wool fibres on the dimensional stability 
4 woot fabrics— Wool aan Research Association, Torridon, 


PROFESSOR AND HEAD oF THE DEPARTMENT OF INTERNAL CoOM- 
BUSTION ENGINES at the Aeronautical Technical Institute, Sao Paulo, 
Brazil—The Ministry of Labour and National Service (BE. 9), 26-28 
King Street, london. OW, quoting A A.12/ BR.A/200. 


CIAN THE ENDOCRINE 
Laponarontes. Chet pga Hospital for Women, to a methods of 


to problems in reproduction—The House Governor, 
Queen Charlotte's "and Chelsea Hospitals, 339 Goldhawk Road, 





pat, “OFFICER (with an honours degree and preferably some 
experience) IN THE BACTERIOLOGY DEPARTMENT, to take 
part in in —-_ on the microflora of the alimentary tract of farm 
» oe Institute for Research in Dairying 
(University o of Reading), Shi nfield, , Raine. quoting Ref. 57/10. 
SENIOR LECTURER IN ENGINEERING—The Principal, 
= of Further | Biaclh - ag Workington Cumberland. 

SENIOR TECHNICIAN (with an appropriate science degree or the 
A.R.I.C., and extensive experience in clinical chemistry) IN THE 
OCHEMISTRY LaBOKATORY—The Hospital Biochemist, Jewish 
General Hospital, Montreal, Quebec, Canada. 


REPORTS and other PUBLICATIONS 
(not ineluded in the monthly Books Supplement) 


Great Britain and Ireland 


Defence: Quiline of Future a Pp. 1i+10. (Cmnhd. 124.) 
(London: H.M. Stationery Office, 1 eon net. [34 
lea for the Third 


[34 

f the Royal Iris Trish Academy. Vol. 58, Section B, No. 5: 
it Marsh Lape remy in Co. Dublin. B 

H. O'Rei 9 Pantin. Pp. 89-128+plates ae one 6d. Vol. 
58, Series B, No. 6: Some Observations on 
and Pos Halsod Beach om the Hast Onect of Ineona 


Ani By G. A. Fleming . Walsh. Pp. 1 

ag Py 2s. (Dublin : ~~ Fi sand Co., Ltd., 1087.) { 
1m School Hygiene and Tro pi fedicine , incorporating 

eport on the work of the School for the year 1955- 

London School of Hygiene and Tropical 


34 
me 4 rt, Session 1955-56. 
ooo ag 1957. 34 


30. Chelsea [ 
National Park Guides. No.1: Dartmoor. Pp. xi+67+25 plates. 
‘London : tationery Office, 1957. Issued for the National 
ye ion and the Dartmoor National Park wage: 
. net. 
tish Museum (Natural History). A Guide to Melon Anatomy 
in ane Africa. By Dr.C. A "a . 20. le. 6d. net. 
i Expedition, 1945-55. Vol. $ “- 
‘useum 


H. K. Munro Pp. it $58-1064. 458. y hE Bri 

(Natural History), 1 [34 
Sheffield City ibe Research Bibliographies (New Series). 

No. 63 : Strength of Metal Single Crystals. Pp. 4. (Sheffield : 


City Libraries, 1957.) 
Macaulay, Institute for Soil Research. 
ser 


Pp. iebuckler, Aberdeen : 
institute for Boil i (34 
Conquest Pamphlet No. 2: x “ %. Vaccination Against Tuberculosis 


(34 
Annual rt, 1955— 
Repo: 


—Outstanding questions posed and answered == Defence 
ety. .6. (London: Research ence ety, 1957.) 3d. [84 
Institute of Fuel. — of the Council and Statement of Accounts 
for the year 1956. Pp. 20. (London: Institute of Fuel, rag [84 
Committee on Science and Freedom. Bulletin No. 8: Hungary. 
October, 1966. Pp. 56. (Manchester: Committee on Science and 
Freedom, 957. cn [84 
Hopkin ed wi Hiams Limited. oem § r Metals. 
Monograph = 31 (1957): 2: o Diquinsil inaly] Cuproin’)— t for 
sail By K. R. Harrap. Pp. 7. (Chad Hopkin and 
Tid, "1957 7.) [84 


Other Countries 
East Africa mie Commission. East African Marine Fisheries 


isation Annual seat, 1955-1956. Pp. ii+98. 

(Nairobi: Government Printer, 1956.) Sh. 3. 34 
Report of the Haffkine Institute for the year 1955. PA Dr. D. 

Soman. Ps A iii+79. (Bombay: Gov yey Publications Sales 

%; London: High Commissioner for India, 1956.) As. Fi 

Proceedi the International Wool Textile Research Conference, 

Australia 1 ho Cc: of Wool, 


Anetra, 1885. and Amino Acids. Part 1: Pp. 1-256. Part 2: 
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Beocarch 257-508. (Melbourne: Commonwealth Scientific and Industria) 
Gee and Maintenance of Agricultural Machinery Pp ike 
ay. - 106, 
res. Bi) Sa ate ae ag 
on. 
1.25 Gollers. (34 
of Agriautonne. Contributions from 
bs 


me * South Wales: Department 
the New South Wales National Herbarium. V: No. S: “rane: 
Herbarium — 


of the Genus Callitris Vent. By Joy Garden. 
‘ational 1956.) (84 
te au Bulletin Biologique de France et de Belgique. 
Su ent a: Recherches sur la Bi e des Spermatozoides 
d@’Oursins. Par Boris Rybak. Dp. ii+177. ” Pace ratoire 
; —_, - Rtres Organises et les Presses Universitaires de 
france (34 
Department of > Jgaies. A New sry of Vegetative 
on o —— a ve yy a plates. Exten- 
sion 0 (Septem, 196 ): The Itivation of Cooonnt, 
Pp. 7. a. Government Printer, 1966.) 
Report eter eens a July 1964 t to 
rt tor 
um: Department a of Teco, 1956.) 
East African Meteo: 





culture Sy 
mune 1955. Pp. iv+75. (Khar- 


84 
gy a e Meteor 


- 
logical Observations qe - 

ka. . 25. 3; Uganda. Bp Part Pp. il. Part 4: "Seema: 
a o Pg 1. ww een, 
 Testitut Royal des Sciences Naturelles de a7). Aaliate Siimentlon 
prentieee du Lac ka One eD. tats Scienti- 
Sauce. Vol. 3 » Wasclonte 6: f Dictyop- 
ra Blat sae Chama Yvette —— N ~— Ww. Douzlas 

Hincks, Coleo ——_ Jolivet. Crustacea 


Cladocera. By pyohn Philip Ha Phili Pp. 89. pene: Institut 
Royal des Sciences nee , 1957. (34 
Institut Soot Météorologique de Belalqu ue. a No. 22: 
Kiéments de Météorologie. Chapitre 10: Climatologie. Par L. 
Poncelet. Pb. 62. No. 31: La Vague de Frois de Février 1956 et les 
Dégits Cultures. Par Dr. A. bg os Pp. 11 b: 
Helium da dans l’Atm: —— Terrestre. Par Dr. M. 
one Institut Royal Météorologique de Belgique, 1956 i 


Smithsonian Institution: U.S. National M Proceedin, 
Vol. 107. Yo. 3378: A New mally sory § the United 5 (Crmstacee : Mysida. 
oon) Se m the —_, t of the U tates. By Thomas 
E. ar aeennen, mithsonian Institution : 
U.S. National a, OF 

Museum of Comparative 2 Rates. Cambridge, Mass. Breviora. No. 


65 oe os +" 1866) : 4 New ped gy of Agriognatha (Araneae, 
iT M. a 7. No. 66 
feeiee) Som 3): The ye ° of = -— Fh iiecsne. 


(November 27, Pinye 
By Stanley J. ‘Olsen. Pp. 12. No. 67 "Gumeary | 31, 1, 1987) Notes on 
Certain Species of T Araneae, Argiopi —~ he een 
America and Mexico. By Arthur M. Chickert 
opida) fn 
A Now 29 
x "fda 


.W.1. ghbouring Islands. 
Pp. 15. bs yt - Genuesy & Fine std 


a on 7 Bt 1957) : a Oph” T iam Amphis 
anuary mo ooth - 
baena and A. paren emma tilia : 

gg eS =. oo 


Charlottenlund Slot,  Anneles 
1955. Bidigt par A. Fridriksson. Pp. 231. 
ont. Bone Fils, 1957.) 40 K: Antod 
Annual Scientific Supplement to Urania, the ea astronomical 
eens —— by the Polish Amateur Astronomical sonety. 
Pp. (Cracow: Polish Amateur Astronomical 


7. 
1087) Academy of Sciences—N: eieeed Rear Oumnet. Publica- 
one ue. =: Tee in  georsrigg 


poe org nporai 40. wr Repose nlon Carbide 


ration, 195 
“es. National Museum, 


Smithsonian titution : 
. 106, No. 3377: Mammals of the Anglo-Egy — a B ony 
Setzer. “_e™ ae —= a 


Horbasi 
By V. E. Bi 


jum. l. Part 2 a Sane N 
udd. x, ili T178-306- (Washington, D.C. : Smithsonian 
Institution, U.S. National Museum, 1956.) {94 
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Unilever 
Research 





requires 
CHEMISTS 
BIOCHEMISTS 


PHYSICISTS 
and 


CHEMICAL ENGINEERS 


SE ES SS ce a 


Ir you are a graduate in one of these fields, an interesting 
and rewarding career is open to you in Unilever. 


Ir you wish to devote your life to research you will appreciate 
the well-equipped laboratories, the attention given 

to basic research, the liberal policy towards publication of 
results, the stimulating and expansive atmosphere. 


Ir you regard research as an excellent introduction to other 
work there are abundant opportunities for you in Unilever. 
Many of our men trained in research now work with 
distinction in other activities of the Company. 

I 

| 

| 

} 

Send a postcard for an application form to:— 


Personnel Division PRC 48, 
Unilever House, 
Blackfriars, London, E.C.4. 


UPR 36-6445-100 
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For 
is BECK 


Perfection REFLECTING 
MICROSCOPE 





The ‘British’ Epi- 
diascope is fitted 
with silent twin 
cooling fans and 
has a large speci- 
oe a oe for work in visible, ultra- 

eae 9 
which is easily interchanged with The ‘British 
a castor mounting for movement Epidiascope 
over unlimited areas. A simple cilinctlle tindheeiclien, 
lever movement selects either opaque or lantern slide 
projection through the same lens. Price £116 - 12 - 0 


violet and infra-red light, 


flecting objectives, with 


Please write for new illustrated leaflet powers of X15 to XI72 


METRON WORKS - PURLEY WAY - CROYDON Full particulars from 


Showrooms: 244 High Holborn, London, W.C.1 R & J BECK LTD., ““voncon wa.” 














Another major 1: & M. Production 


The —20°C BATH 


@ All Perspex Bath construction. 


@ Welded double walls, with airtight 
cavity. 


@ Operates by controlled cooling. 
@ Designed to operate with our stan- 


dard Refrigeration Units. 


Showing Bath complete with Lid and Adjustable Tray. 


TOWNSON & MERCER LIMITED 


CROYDON Telephone * THOrnton Heath 6262 ENGLAND 
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